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Physical Properties of 
Rocks 
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MLO t lilt icily, f rae turo, and (low 
S DICE ITECAL CRACK CBOVTB IS GEOLOGICAL MATERIALS 
, *• I ecology Depart re in, iDperial Collogc. 

Union SU7 IBP, Britain) 

A ravlou la preienmd or tb# atperlmntal data on 
■■Jbcrltlcal cracV growl J, In gee log In I mat aria la. The 
lain pjraaatar. Joicr thing aubcrlLlral crack growth ara 
lh« critical attcla iolamity ftcror (K c ), the aub- 
crltlcal crack growth Unit (F 0 >. and th a .train (nun- 
any factar/crack valocity (K-v) relation. Mp between 

*•> ,nd “f; lh “ «ra ptaunlcd In taraa of an 

elution In which the crack velocity dapecdi on atrail 
IniBiiity factor railed to a power, o, became tbla la 
coicon practice In ciparloontal itudlai. Thole data 
are pi„ anted at table, and In lynoptlc diagram, For 

■ Hicat.a, the value or n the envlronawnt 

btrcbei daplecad In hydroxyl apecloa and with IncraafQ 
’3 l6 * "‘toolrucLural coqlexlty af the aolld. Valuaa 
Of 0 na low ai 9,1 have baen found lor canafla cracking 
of quartc In bull aqueoui environnanta, and ai high ea 
UO for tana I la cracking of bae.lt ( n nolle air. U- 
■nirirlant cxparicintal data ara available to predict 
a uncritical crack growth behaviour at depth In the 
eatih a crus i without cajor aatrapolationa of the data 
ba*o. Svhenjtlc JutUnea are proianted, therefore, of 
i no p Tv tab la Influarce on auborltlcel crack growth of 
. y pjra ““' B ,n **>* eruatal eovlronnant. Dials 
include i at rcaa Intenalry factor, uaperaturs, proaa- 
urc, activity or ■.‘or ro.lv* vovlranmenrol aaant, nlcro- 
atrui luru and raalduil atcafna. Tn addition, a dl.c- 
uaiion I. pro.cn, od of th, likely riafwliud. of the aub- 
rrltical rracV grewch Holt, For irreaa cocroitan 
ten.ll. crack growth or querta a licit of .pproalmiely 
o.. or the critical it mi Inecaalty recent U inferred 
»rin theorutical uiloulatlona. FurLher problnu 

dinultrd with regard to tha c-.trapal atlnn of caper lm- 
eatal data to c rnatal camlltl one Include the eholco of 
a aut table aquation la dcacriho crack growth anJ tha 
cagr,l(.,do „f pit woiat, ( a rheae equal ton*. A brief 
diiruualon uf the dnablc- turalon toiling method la 
prricnUd in ordet to aid the IntuapratntUn of 
uxpiriBtni.it roaulrn bucauic It ia .iIttcic th« ioIp 
no i had „io J to atudy tuhctlticil crarklnfl in rock a, 
ISvbcrltical (railing, froclure nchanloa, oxtrapnlitr- 
it-n la nature-, o.pcricontnl nothada), 

J. Geophya. Hni. , B, paper 4B0ZID 


of tho oochenlcil data, la coabliMtloii with Blrr„- 
atrucluril obsarva t I ohb , ara InconalatvnL witn 
■olailDg aodela of lotrlnalc grain boundary afreciH, 
lnatued tha elrongrh-gri tn site relatlunu are Iniur- 
pretad aa reaultlng froa v*r lot Iona In atruL-lurally 
Incorporated water, which la turn ara tuiil railed by 
diffusion of watax to and froa tha grulu Louudm u-a. 
Finally, conatanc airaas oxper ImucL. alinw chut Lhs 
acLIaitton energy g and Itreaa oaponent n lor rr,-op 
do not depend on grain ilxs, lu that Lnu dlllerouL 
atrongthi obaaivod aunt ha incorporated In Lha pro- 
expciuentlal (grit, Howsvor, both g and n allow n 
coni loutiua docrcaia with Ineruaalng anounta ul 
avilliGla water. Iron Q » JLO kJ/aolu and n ■ 4 lor 
vacuua-hoated suplia, ,o Q - |ju kj/molo and ,i . i,n 
lur vac«r-iddud waapiea. 

J. Genptive. p 0 a., B, Paper dBlj» 


Seismology 


*90S Body Wave a 

Hide nwumrY acoustic back scatter im and brihhic 
att on ati nr 

Anton H. Dainty IBchoal af Oaophyalcal Science, Geocqla 
■ net [tut. of Technology, Atlanta, Georgia 103)31 
An expraaalon for lha harha.attarod tnconalcy nf 
acouatic wares singly acattsrod free a Toglcn con- 
taining fluctuation, at tha acoustic velocity haa bean 
darlvafl for hlqh fraquenolaa by unending the auto- 
oorrelatlon of tha alownaaa fluctuafclona in a Taylnr 
aarlaa about aarn lag, Tha rsaultinq acrrsaaion indl- 
cataa that tha baokaoattarad intanelty la indopandsnt 
or frequancy and .llraetky propotLInnal to tha ftrat 
derivative nf tha autocorraletioa at znro lagi the naat 
mqbar tarn !■ proportional to tha reciprocal „r the 
frequency and directly proportional to 
the third derivative of the autocorrelation at tern 
lag. contrlbatlcna frem taraa or tha Taylor aarlaa 
Involving evan nmberad derlvativaa of tha autr-eorrala- 
(len era xero. fllnta Tor tha aatocorralatlon of a 
eaooth function only tha evan nmberad derlvativaa era 
non-Mro at »ra lag, thl. raault damonatreta. that 
back icat ter log at high rraquanclaa can occur froa dla- 
conrlnultlaa of valoolxy or Ita derlvativaa aa ooruoad 
to fluet uatlona In whloh tha valaultlao ara omth. If 
tha backxcattarod Intanelty la Indapandut of fra- 
edntrlhutlon of bnakacotterln, to eh . 
raramt.rp I a proportloml to fraguanoy. 
*wh behavior nay have been cfcaarvsd for eel.nl a 

tLin'T " 0 « qr '“* r th * n 1 «“««»tlng that arat- 

tarlnq frou, diiaontlnuitiea I. an Important part of the 

ili ™! 11 » “°° h eo.tt.rlng, 

■ataxic attenuation!. 

J. lieephya. Raa., B, Paper 4BQI14 
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rut cl the dopri-KHldu In oplauillc In rnlUTO and haa 
been inaitlva lha Uni nllllon veore along ihl weiiam 
buund.iry, fu the amt. Lhere la clear avldsnti af 
upllfl mill llltn.it of ned I noutnrv l.iyars. A bflaatidl 
fldpo aiauTgli.R ftua i In? aa-llRunl* le cur rent lv haing 
up 11 1 lad and tolalad In a manner aiialogOua to pTO(* s,,, 
tonpoiiHlblo lor Lha rrnntl->n and cancallaLlad of 
mvdlnn v,il lev rullsf. Die I Turin 1 1 Uci bciwuen lha 
aprondlng ,-enler <iml iliu irnnalmo (nil cppl«>d 19 
laku place wlihlo I l>- kn. The wliltli of tha It*"*" 
(arm fault ]ij,l au-i< >i| the ilnpruun I vn la Icaa than* 
klloacLut. Hi* T»aarlfaqiiaLeH ware locutad nnd dla- 
pliiyad |.y new moih.-dn tli .,1 ,J|T0'l1v nccmiM far non- 
1 incur i c I d* nnaur laid will, smull atrayu. 
qunkan In, uia,l by ) nr mm ((Rs'm aliuW IhAI tk* 
grnnu-g, so 1 amir orllvltv imiutii aluaii Ilia dasiom 
walln ul tlio icodiun v.illdy, ul ilia bile UP. At rldga, < 
lha OA.iurn portion ■> I tha ileprasei-in ami In tM 
cro 8 t.il nuunmlna. Vurv 1 1 1 1 ]o nrllvity 1» Anoclaw® 
with thu wan lorn odga ,if Hi* irnulaia daprosiloA an 
tba trace of the it. inn form fault . 

J. Gcupliys. Kell ■ , h, l'.il'ur 4 HQ 194 


0110 F true tun, of thu |.| rln iylmrn ... 

0H.1ID IICTCIITh OVM< THh UVIDVIMdl RIDGE ISOUDI tf f' T 
A. Caeanavu and it. Dc.mlnli (Groupo Jo RochOTcnae J* 
Wo-ldaLn Spot Inina, GNErt, i 101,5 Toulrune C4d»x - 
Gould hnlghtn ovor tl» Tculovlllo Rldga Boaocunt 
chain, deducud from tho floaa-it oatolllto nltia *** 1 
havo bean analyx'id ami lntorpraiad. IWo unchar 1 ** ■ 


aeaiuiinta nninngimi tn tho ohain nava neon — — — ,1 
Dio alaatlc thickrii-au nf tho oceanic Lltlioephqra 1 * 4 * 


baan docnrmlnod along thn chain. This l»a» A 0 ”* . 
rlgorousLy uolng thn twc-dloenalonnl ^idld and 


riq^rouBLy uolng thn twc-dlmenalonnl gmuiu j 

bathymotry mapa and wan also geaputid 
ualng spec ural tuithada on gaold nnd bathyMW p ‘ 

A alight ly lm? teasing el ant In uilchpcas frc« tt* 
■cnithoaat lo tlis lorthwonL, In tho ran JO IS.* * ' 

has boon aatlaiatod. Tngothnr with dating ■eaad* 
availaLlo Tor two aaaiarNinta of tha cbalf, chia * 
Btrongly favour, lha olantlc modal - Catpar * 1 ^ 1 ° 
vlaao-alaatla modal - fer tha flexusg f>* cha OCB “ 
Uthcaphere In raaponee to leading ■ 

J. Osophya. Rea, , B, Papat 410149 * 


B199 General • ' 

ClMmKEHTAL MARGINS, AND THE EXTENT AND H1WBEA 
OF THE CctiTI RENTS 

J- Graham Ccgloy (Geography Dapartmaht, Trent 
Unlverel iv . n„„(rv<. CANADA K9J /■“ 


B1J0 Plata Tactcaica 

RSCEW FAULTIN'] AHD H1CRQSARTHQUARBE AT THI UflRRSECTTIM 

op vimnicng hhb gta, 


n ii. — : *”W Hi miciiuirac HI 1178 

B. RJWlntt (Dapartmant af C« logical aelaacBa, Brown 
Dnlvarqlty, Piovldanco, S.I 0 J 913 ) D. 5 . Forsyth 


■ ■ w(74A^ if, ir. forfiyLh 

arlmll 1 ^ 3.3 Ux r.riactton 

prafllM and Blcroe.rthquaka dSta. recorded by in array 

••‘■■o«rdph« fan th* bull for tbla 
■ludy of tha traaaltloa from a ip raa ding esnter to . 

Bliturtaiwad of tha thick - 1 

fl««- lying, turbid Its dapa.ua provide indica- 
'■ mttm;. At thaw.* tarn - 

: V ehB r ” cl “« *«« th* Udlen 

■ I Wr«.^ thfl **«■«"!» that 


Unlvaralty, Peterborouqh , ante fib, CANADA MJ “ 
A new np of tha axtant of cantlnentdl orl * 1 
ahoWa that thn contlnants ara dura aNtanai™ 
laaa dliporaad than they ara q 3 l)ventlo(ially * 
thought to ba. Their total a? a* la 310.4 .* 18 
km , or 41 % of tha gqith'a aurfaca, And than are 
14 or them. In order of dacraaalng all* th*P * ■ 

Euraata,. North hmstlca, Africa, South America, 
Antarctic , Aunt ra lie, India, Arabia, Haw 
Boa land. Central America, taakall, 8 Tp h,lu **L. 
Agulhaa and Jan Hayan. ContinaoL-ocaan Eon *“ , 
"4 mapped on. tha heale of a lltarature eunap, 

and contlnant -continent contact* if* dr "™. *:!!!!_ 
Plata bounder lea. Tha avaraga thloknqaa 0 * 
tl dental crust ia 3 B hmi noall continonte a**^ 
to thinner than large ooea, and height And 
thleknoan Arm ntrongly lntatdepamlant. «saa . 
height a are elgnlftcanUy lower than Vfl prwviaoe . 
ea time tea be cause aidimerged parte of t)|a cc-n* 


tlnente 110.6% of Uiolr tdtal area) *<• 
correctly accounted foci the new a*tie«te ° r 
halght ta -120 ». the ralatlcnlhlp botwi«n “^ 


[arwinatg. abruptly atthe Unit, Tba Warn 

| b f«^.«hF «fi*hbr4ipttao[on i« (*aeli b«admr aqi le ' . 

,c4wi«arlfcad by a aarlaa Of ilqmp T ijVi jgtqda ’ D,' eba ■" 
Well 9 bev 4 !■; ill tie or, bo gvldenca (i Jj? ual^j bar * 


haight and area for Individual cdntlmdnts.; h* 
avar, i a etui obaarved. Nodal heights «» 
correlated with ana, and arg -JJOm tot 
thi largo contlnaqta. Car tain don* IBant* nava 

aneaatoue assn or sodal heUhta, a6g9edting“ 
tba Man batgnt-arae ra let loath Ip 4 f*A*f 
greater relative lengths of orogoniw 
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The Potential of 
Satellite-Based Radar 
Altimeters 

C, N. K. Mooersy 1 D. E. 

Barrick , 2 R. E. Cheney 9 3 

D. B . Lame , 4 and J. G. 

Marsh 5 

Introduction errors arise from the interaction of a radar ' 

pulse with the sea surface. The tracker bias , 
Seasat is the only dedicated, muliisciisor ai Y* ammonal tracker error produced by wa- , 

oceanographic satellite in have ever flown. veheiglu skewness lend to drive the tracking- , 

Although the mission insicd for only 3 B 81 ® location too low; this bias is easily identi- 

mondis in 1978, it returned nil enormous *) c ° anc * therefore removed. Altimeter per- . 

harvest of unique and valuable data that are jornjance anomalies, i.e., periods when the 

still ill the early stages of analysis. Its sensor height-tracker measurement appears to go 

complement included a scntieromcier for sur- badly awry, can also be detected and re- 
face winds, a passive microwave radiometer moved. Antenna- pomung error and heavy 
for sea surface thermal measurements, a syn- ra *J l ca * ls ® a decrease in the plateau amph- 

thelic aperture radar system for ocean sur- | u , ™ raea ? . relur U an d,hence, in tne 

face imaging, and the radar altimeter. The al- backscatter coefficient. Ram distorts the echu 
(imeter provides info. . nation on significant during storms, which may produce gross 
wave height, surface wind speed, and above overestimates of windspecd if not corrected, 
all. the topography or the sea surface. This Discrepancies also exist between wind 

topography is of prime interest to ocean cir- »P e « ls al nadir , estimaieci from the altimeter 

culation studies because its horizontal gradi- * on Seasat) and the scaueromcter. These dis- 

ent, after removal of the geoidal signal, is crepancies have not yet been resolved. A de- 

proportional to the surface geosirophic cur- ™nvoliu.onal algorithm for extracting the 
rent, the principal circulation component. waveheight-waveslope probability density di- 

Satellite altimetry was introduced as a brief «cdy trom the echo, with no use of a prion 
experiment on Skylab in 1973, followed by models ‘ hils beet ! demonstrated; uncertainties 
the 3.5 year GEOS-3 limited coverage mission m Parameter estimates obtained Herefrom 
which was launched in 1975. Seasat provided are P^' ldctl w, £ n h>gh degree of 

a superior altimeter system with decimeter ao computational effiaency. Progress is being 
curacy and data recoiling capabiliiv which made m undemnnd.ng and reducing al 

provided global coverage of l ? c, 8 h i™ to l] }<\ j 10 " 11 ll,al a . 

Looking to the future, the Navy plans lo satellite such as TOPEX could have a one-sig- 

launch th! ahimetric satellite GEOSAT in " ia t 1 Dial he '* ]n err0 . r as . low as r l l cni for . lhc 

1984 for geodetic applications. This mission baselme I,,,SSI011 and 35 low as b l cm w,lh a 

has oceanography as a secondary objective. "*° ,e accurale ****'"■ . . 

The Navy i also planning NROSS (Navy Re- Prese.u ihemies do not account for electro- 
mote Ocean Satellite Syst!m). a Seasat type of magneuc (EM) bias in a sanslaciory manner, 
mission, for 1988. The National Aeronautics Bas 5 d °" 1 E ” bas ““T fu* 
and Space Administration (NASA, is prepar- " a L al f l ° GHz 3 " tl ^ CHz ' ‘j. c lHa V ie 
ing to launch TOPEX (Tnpom aphv erf the h ’^ e ‘ frec|t.ency is a factor «rf 3 smaller than 

Orean Experiment) in die same time frame ,hiU al J be . lower Scitf, . cr ,™ “ 

with an orbit, a tracking system, and a highly sured EM . « high, and attempts to 

accurate aliimeter optimized fur the study of correlate ,l wllh various factors (e.g skew- 

ocean circulation. The European Space (' ess - kun “' 5 ‘ *** 

Agency is including an altimeter o,. die ERS- bciw . ec " lhe ™* ll,u 

1 (European Remote Sensing) satellite in P l,H,,n ? 1 reSul, , S 

1988. and the French Space Agency is conskl- w,th iu 

ering the addition of an ah imeter (POSEI- ln ^«n-dommated nnhum EM ^buisap- 

DON) to their SPOT satellite in the late P ea, ‘ ed ^ 

1980’s negative (i.e., waves are sharper at ilie 

t-l'c . *i . . „ c , . , troughs than crests,. With EM bias simulated 

The Seasat Altimeter Data Seinmar, held .... . lh „ 

“iVpirv: "r 

hmiiffhi°, r? L 111 Pasa(,e "‘ 1 ’ C;l1, nenl on lhe crcsls than on lhe (roughs, re- 

hroughi (ogelhcr sensor and system cngi- illKnK scanrr Trom tho 

n««, geodes, s s. physical oceanographers, » region, (consistent with EM bias). A 

geophyncms. dala managers, and others o * , ^ ^ Rayleigh criterion for 

oans ricr die pnjclical ami scent, he potential , [tl m ol f lhc spectrum in es- 

™ | ima[in g EM bias is a possible solution. 

With m m f arab ^ or . bcller thnn Sc^®' u - Finally, among advanced concepts, the use 

m>V ■ * m hanc1, r* 1 t lC of a multibeam altimeter appears intriguing. 

S maj °- ,,ICreaSC , "f I aCUVlly m ? By merely adding another I 2-m antenna and 

ti(l^n , ?- 5en | ,1,,i !': was l,C r ld at a p ™ pi ; separating the two amennas by 1 1 m. a cros- 
oment in die histoi y or ocean sicncc. ^ k swalh cenleret j on nat |i r is produced. 

.hi Sfri? " thc ™ ,,B J WC, if. l ° I i e . V,CW By simultaneous use of range-gating with die 

tl n f i ' na ° n COUlCnl °! SnLelUlC * l T C - n imerferonictric gating lobes on the surface. 

2 scicnce ’. lo P rodl,ce s y ncr 8! slIt '. n ’ heights at -50 km, nadir, and +50 km could 
m . n u ! T|t l l,c mmpMrn or engi- ^ » easured simill[aneou si yi permitting a 

caoahilhf f IUlil «- , f° " inraLle ™ lhe more synoptic mapping of mesoscale ocean 

capabilities of satellite altimeters of the past , w f. H K 

and future. Ancillary objectives included (l) '’ 

improving and broadening the use of satellite A t o nr ] 

altimetry in ocean science for the betterment Orbit CiOTOpUtHtlOn &Hu 

TOPEX program and (2) defining the \f ean Sea Surfaces 
needs of the scientific community for im- 
proved data base management for satellite al- T , are four compo nents to the determi- 
^Mtiy diraugh PODS (PiloL Ocean Data Sys- nation of , he wlel , lle orbita i pal h : (1) the dlf- 
The purpose of this article is to provide ferentJa i equations which describe the motion 

“ stirnmary of these topics to the broadest of the J iteS[ (2 ) ihe solution of these dif- 

possibie scientific community. ferential equations, (3) the measurement of 

\a- lhe satellite translational motion, and (4) die • 

measurement Systems solution technique which enables estimation 

of the orbit, geodetic, geophysical, and ocean- 
Use of a satellite altimeter to acquire accu- ographic parameters from the first three 
rate sea-surface information for oceano- components. 

graphic and geodetic purposes requires (1) an Tracking data are required to determine 
understanding of the interaction of the short t he orbit. Weighted least squares are used to 
radar pulse with the sea surface, (2) an effec- goive for the position and velocity which best 
lve ahimeter system, and (3) algorithms for fi t the tracking data. The differential equa- 
exiraciing geophysical variables. These three t ; ons 0 f iransladonal motion require accurate 
aspects are interrelated and produce the liili- models of all forces acting on (he satellite, in- 
mate limits on measurement system accuracy. eluding those of gravitational and nongraviia- 
Understanding these accuracy limits— or er- donal origin. Ground-based measurements 

mr budgets— U essential for sensibly use of a | M require modelihg of die orientation of 
me data and for the improvement of the next t h e earth in space with respect to the moon, 
86 25 mion of altimeters... ' sun. and planets and the orientation of the 

There are several sources of error in the . eaI th with respect to the angujar velocity vec- 
■Wmeier measurement system ; some of these ip r . Tlie location of the tracking instrument 


ess. The altimeter dala are especially useful 
since they are accurate and very dense cover- 
age over the oceans is available. The im- 
proved model, called PGS-S4, has yielded ra- 
dial orbit accuracy of better than 1 m when 
used with laser and Unified S-Band data in 
orbital lengths of several days. 

Recent computations using the PGS-S4 
model with Seasat Tranei Doppler tracking 
data over arc lengths ranging train 2 revolu- 
tions to a few drfys have provided radial orbit 
accuracy or better than 50 cm. High-precision 
laser tracking data from LAGEOS and Star- 
lette are also being included in these analyses 
to provide information on die low-degree 
gravity model coefficients, tracking station co- 
ordinates, polar motion, and earth rotation 
parameters. An experimental tracking system 
call SERIES-X is under development for TO- 
PEX. This concept uses differential ranging 
lo the Global Positioning System satellites and 
may improve orbit accuracy to the sub-deci- 
meter level. 

Another new technique for improving orbit 
accuracy employs a nondynamical algorithm 
for correcting the radial ephemeris of Seasat. 
The model used for altitude ephemeris error 
is a Fourier series whose independent vari- 
able is time. The solution involves both cross- 
over data aud along-track dala. Only weak 
(approximately 5 m, a priori knowledge of 
the geoid and no information on dyimmic 
ocean heights is required. With a 3-day arc of 


Seasat data the altitude error was reduced to 
6 cm. 

Precision orbital computations aud the al- 
timeter data have been combined to produce 
global maps of the mead sea surface. The 
GEOS-3 and Seasat altimeter data have been 
used to compute a global representation of 
the mean sea surface on a 1“ x I* grid. The 
Seasat ephe me rides were based upon 6-day 
arcs of laser and unified S-band tracking data 
computed with the PGS-S4 gravity model. 
The GEOS-3 altimeter data were adjusted 
into a common reference system using a com- 
bination of laser reference orbits and cross- 
ing-arc adjustment techniques. In addition to 
the global solution, regional solutions have 
been computed in the North Atlantic, North 
Pacific, Bering Sea, and die Gulf of Mexico 
(Figure 1). These regional solutions hnve 
been g ridded with horizontal resolutions as 
fine as 15 km; their precision is of die order 
of 10 cm. 


Wind, Waves, and Tides 

From the amplitude of the altimeter's mean 
return power waveform, wind speed can be 
estimated. Significant wave height can be esti- 
mated from the stretching or the altimeter re- 
turn. Furthermore, minimum swell height 
can be determined by assuming that the mea- 
sured wave heigh l consists of energy due to 

Article (rent, on p. 86) 


MEAN SEA SURFACE 
BASED UPON SEASAT AND GEOS-3 
ALTIMETER DATA 
1975-1978 



Fig. I. Mean sea surface for the Gulf of Mexico based upon GEOS-3 and Seasat altime- 
ter data of July-Ociober 1978. The adjusted along-track data have been gridded on a 0.25" 
x 0.25“ grid [Marsh el al., 1984]. 


■Khneier measurement system ; some of these ip r . The location of the tracking instrument 

- I on the earth is also required. ' . , . 

• • ~ r-' — r : Precision orbit determination has been_pn- 

1 'Nava! Postgraduate School, MonterCy, CA martly limited by incomplete global ticking, 
939^3 U ■ !' ••• errors In the model constants, or. in tne. ifioa- 

*Ocean Surface Research, Boulder, CO : els of the physical forces acting on the . Mdr . 
80303 ' • • ; lite, most notably the earth s gravity model. 
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Fig. 2. Northward propagation of swell fields generated in the A.ntprctk as observed by 
; lhe Seasat altimeter. Isopleths Indicate «he northernmost extent of swell greater than or . ; 
■ f equal to 3 m during (He given S-dpy periods [Mognard, 1984] (rfejlrinted with periqission, 
!,Crane,Rusiak & Co.) NewYork). , | ' J - ) j. 
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Lagrangian 
Studies of Deep 
Ocean Currents 

T. Rossby 

It » now more titan 10 years since the lint 
experiment using sul »ur I sited titters (To- 
talled Sofar (louts) took place in the Mid' 
Ocean Dynamics Experiment (Mode). Since 
then (hey have been applied in a series of ex- 
ploratory studies culminating in the Puly- 
niixle Local Dynamics Experiment (L.i)K), 
and more ret cully along J15°\V in ;t sillily of 
the Ninth Atlantic sul/trniiical gyic ill a re- 
gion well removed i n mi tlie civiiiiiiiiiMif 
western tHiiiinl.iry regions, ’these neinr.illy 
lmoy.int iustiiimcnts, whit li tun lie b.tll.med 
to tltifi with the waters at prostuvs up to 
»WI) illhirs (meters), are ir.ided acoustUaliy 
over lung periods of lime (months to years). 
Cfiiitt-ptu.il I v the floats may he thought ol as 
large molecules, fluid parcels whose pathways 
and speeds are explicitly known. The struc- 
ture of ilieir rrujeitories often yields surpris- 
ingly detailed mfor million mi the hmituiit.il 
sir name of the velocity held. When used in 
dusters they i.m tell us much ahoui the mean 
Held and the dispersive properties of the re- 
gion. This ankle pros isles a brief retrospec- 
tive uf what we have learned in llie 10 years 
siiue their first application in Mode. We lic- 
gin w iih a brief »Ilsli ipmn of the Solar float 
technology. 

Tracking Sofjr lloats over great horizontal 
distances is possible thanks to a remarkable 
acoustic property of the ocean known as the 
deep nccjii sound channel or Sofur (snuiui 
fixing and ranging) channel. This acoustic 
wave guide, well known to acousticians and 
submariners since World War II, owes its ex- 
istence to the happy fuel that the speed ol 
sound is a strung and com par alile function of 
oceanic pressures and temperatures. In the 
upper ocean the speed of sound decreases 
rapidly with depth due to the thermal stratifi- 
cation; in the deep, nearly isothermal waters 
the speed of sound increases with pressure. 
The minimum speed of sound, about 1(100- 
1300 ni deep in the subtropical oceans is the 
axis of a permanent acoustic waveguide such 
that under quiet listening conditions one can 
hear a l-W sound source at 250 Hz at dis- 
tances greater than 1000 km. 

The first suggestion to use the Sufar chan- 
nel to track non it, illy buoyant drifters was 
made by 11. Stummcl in 1949 in n paper un 
horizontal diflusion. In ISGti M. J. Tucker 
and l). C. Webb runduciril an encouraging 
lest of lung-range naiisiniuicm using n light- 
weight piezoelectric transducer, and in Gt to- 
her I ‘ Mill a uc ill rally buoyant 1 1 oat was 
tracked for *1 months. Hut ii was another 3 
years before floats could Ik* put ici use sys- 
tematically. 

Today's variety i>f llo.it o insists uf an alu- 
minum llot.uiun tulse. (I.:V m in diameter and 
5.5 in in length, ivlm.li ulv> provides the 
housing for the Ixtliery pm k and ctci ironies. 
The transducer, a thin- walled tube l.H m 
long mid of tlir same diameter, is open ut one 
end ami has a piezoelectric Ik-iiiIct plate jt 
the oilier. It is mounted eiid-to-eiul tollie 
llui.il iuu tu lie. 

An nisi it signals are transmitted cveiy ft 
horns; each signal cimsisii of an fltl-s KM 
pulse (1.5 Ilz linear chit p) at 250 llz. Ursidcs 
gitiilg a I tetter ligual-uwioisc i.ilio than (lie 
previously used amplitude mmluiaicd system, 
the phase modulation ullmrs the use uf sim- 
ple digital uirrclaturf fur signal dcieiiiuii and 
time ul arrival determination. The radiated - 
power levels have increased approximately 
from 3 W in K W, pcyuiutliig tracking ranges 
out tu 2500 km depending un the float’s 
depth in the sound channel, and ainbk-tu 
none conditions ut the xereiver site. 

The Hikus are equipjtcd with an active bal- 
lasting system to maintain a prescribed depth; 


<- 111(1 telemetry or pressure and temperature. 
They are powered to last in excess of 2 years 
[MVM, 1977). The early development of the 
Snfar float program was greatly simplified by 
the existence of landbased hydrophones on 
Bermuda, the Bahamas, and Puerto Rico. 
Their availability reduced the risk and cosl of 
the program by pemiluing us to concentrate 
on the major technological uncertainly: the 
float itself. 

Tracking the floats is conceptually very 
simple: Given knowledge uf tlie speed of 
sound in the oceans and the time of arrival of 
signals at two or more receivers, one can de- 
termine Tram the intercept of circles (known 
travel times) or hyperbolae (travel time dif- 
ferences) the position uf a float to within a 
few kilometers. With the recent development 
of autonomous listening stations (ALS), which 
can be moored ill the sound channel for a 
year at a time, Sofar float studies are no long- 
er restricted to areas within range of land- 
based hydrophones. This lias added great 
flexibility to their use. 

There is no question that die most power- 
ful attribute of drifters is the horizontal in- 
formation that is so effortlessly provided— ef- 
fortlessly in the sense that even a single in- 
strument can suflicc to lay bare the circular 
structure uf a Gulf Stream Ring, show the 
path nf die Gulf Stream as it is swept down- 
stream, or reveal the constraints imposed on 
fluid mutiun by variable lialliymeiry. As they 
drift they in fact articulate specific pathways 
and rates of displacement ul fluid parcels; in- 
formation that cannot lie obtained solely 
from the observed distributions of different 
water masses. 

In what way would a tracer for a jxilciUial 
antlirupugcnic pollutant) disperse, und how 
rapidly? T he Sofar floats provide us with a 
natural tool to examine these kinds or ques- 
tions. With an ensemble uf trajectories one 
can start to construct statistical statements 
about mean flow and rates of dispersion and 
juxtapose these with classical water mass anal- 
yses. U'l us attempt a simple illustration. 

Between 197(3 and IUKU wc obtained nearly 
two dozen float trajectories at 700 m lasting (3 
months or longer. They were set at various 
latitudes, mostly in the vicinity of 70‘W. If 
uuc examines their jjositinn ns si function of 
time uuc finds dial the floats set north of 
28*-20®N disperse to the west und north, be- 
come entrained intu the Gulf Stream and are 
rapidly advened to the cast. The ensemble or 
floats to the south of 2H“N show evidence of a 
cyclonic ciiculaiiun tu the south and vast. 

In Figure I wc show a sketch of the trajec- 
tories of finals at 700 tu after they have been 
subjectively smoothed to remove mcsoscale 
notions. It suggests that a tracer that is in- 
jected into the Gulf Stream recirculation sys- 
tem will be trapped and repeatedly recycled; 
it is nut likely tu be Hushed to the south. We 
can compare this with the distribution of triti- 
um (Ml) along 55° W, Figure 2. Note that at 
700 m the S H docs not penetrate south of 
25°-30*N, and in the deep waters it is restrict- 
ed to latitudes north uf 30’N. 

A simple 2-dimensional interpretation 
would suggest that the 3 H has diffused this 
far since it was injected into the oceans in the 
mid-6U's. The circulation pattern inferred 
from the floats, on the other hand, indicate 
that the waters north of 28°N are trapped to 
the north thereof and subject to rapid recir- 
culation. whereas waters to the south of 28 B N 
are associated with a circulation on a much 
larger spatial scale and, hence, a longer time 
scale. 

This comparison is, of course, incomplete 
and would be more effective if we could look 
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kidjct-iuriesoi lwo aotar tionts at 700 ni orbiting at omul it common center ot 
westward translation. The inner trajectory lias a 10-day period, the outer one 17 days. 


aulie source or inflow conditions to the cast 
or the section. This has not been done. The 
point here is that even 2 dozen trajectories 
ran provide valuable path and dispersion in- 
formation. The idea of using floats us an in- 
tegral part of modern water mass analysis is, 
however, still in its infancy. 

The dispersion of the floats can be used to 
estimate eddy difTusivides. On time scales of 
ilie order of months, dispersion or floats is 
dominated by mesoscale eddy processes, es- 

Penally in rpainno nf hS/il. a.|j„ i. ■ ■ 


cl regions xuc.li as tin- miter of the subtropi- 
cal gyutr t here ix u t lesir tendency toward 
zonal dispel sic m. 

On mimcttmx ne t asinns Solar floats have 
exhibited astonixhingly t ire nlar orbits with di- 
ameters ranging from a few kilometers to 
nearly 130 km. These trajectories reveal a 
class of ocean it motion that, a pail from d ,c 
ubiquitous Gulf , Stream rings, was all Inn un- 
known 10 years ago. Spinning in either direc- 
tion, these nun inns can In* found in shallow 
as well us deep waters. And almost without 
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p tatty in regions of high .eddy kinetic cncr- as well us deep waters. And almost without 

gy. i orcover, the diffusivity Is ap]iarcnily lin- exception their /emu I motion is inward the 

early related to eddy kinetic energy over a west. 

traiA ror r e jponcHng to an integral time Figure 3 .shows the trajec lories uf two Sofar 
seme ot about 8 days. Tlie physical basis for Homs (a third one is omitted lor clarity) near 
nSJw? U ■ ,p . “ unclcar * bul il certainly 700 m depth spiiming at iiiintl a westward-mi- 
L,„ cnt J. B s ljP e . m . can ? parameterizing grilling ImkIv of water until il ap|>curs to col- 

nicni-ra! C < d ^. mixi ' 1 8 i ,n numerical studies. tide whh the Halumuis esciii pmeut (or n 

lends to be isotropic when eddy boundary current along it) and the floats .«■ 
rgy levels are high, whereas in qui- cape. Hydrographic observations at the lime 

1 the floats were set revealed h thin lens of 

1 1 1 i — — r ^ — i — , — . — — somewhat diluted Mediterranean water al»u 

600 m thick and 120 kin in diameter. 

J - Other obser vatic ms of such lenses of 

tei rancan water have since been made m ui 

' eastern Atlantic. Assuming a westward mlg 151 

tion velocity of 3 cm s -1 from its region ol 
probable formution, the "tneddy," as it is 
"X. n. sometimes referred to, must be at. leasts 

^ years old. With a mean period of revolution 
N “ of 10 days, say, the lens must have made a 

least 100 revolutions since its genesis. Clea y 
the lenses are very stable, and as Figure 3 . 
suggests, their demise may not be one ot s 
decay, but a sudden one due to change* in 
their environment, be it topographic con - 
sions” or their rupture by horizontal «ie j. . 

These lenses do not appear to bave ^ n J 
mospheric counterpart. What makes tne 
particularly interesting is the suspicion ■ • 
they may piny an important role in the , 
served distribution of salt, oxygen, and ^ 
tracers in the ocean. Created in the east! , 

_ _ not known how), they propagatfe ion aU y ■ 

^ the west and “deposit" the transports . 

\ where they collapse. This suggests the po» 

, | n. hility (hat observed distributions of watc^ 

^ I properties in some sqnse represent the P 

s. I bUity density distribution of dlsi.ntegrrjm” 

>v / these lenses and not - solely 4 - balance b 

. \. / ” a large-scale mean flow .(to;be deierml 

« i i i*~r . - I and erlrlv mlvlnar It n fieri assumed 


and eddy mixing, as is qflen assumed 1 
nostlc studies of otiean drcplatfon’- j/dl 
Conservation statements of |fdrm rtrt n» 
(*).=* ;0 are intrinsically tagrangl^ ^S' 
— ... j.nn,a,i Kv the astefffi 
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course, one example of fluid conservation. A 
corresponding dynamical test, namely the 
conservation of potential vortkiiv, has nlsu 
been demonstrated. 

Following a set of 10 Sofar floats fur 2 
months at 1300 m. Price and Rouhy [1982| 
found that ns the cluster moved nurth such 
that the local vertical component of planetary 
angular momentum increases, the cluster re- 
sponds by turning in the opposite (or duck- 
wise) direction so that its absolute angular 
momentum is conseivcd, and conversely so 
when they moved to the south (Figures 4 a 
and 45). For good numerical agreement it 
was found necessary to include vortex 
stretching caused by variable bathymetry. 

Horizontal arrays of Sofar floats have been 
used effectively to produce synoptic analyses 
of the velocity field. In both Mode and the 
Polymode LDE the systematic combination of 
velocity measurements at one level and hy- 
drographic surveys have been used to analyze 
the dynamic state and evolution of the meso- 
scale eddy field. This methodology works 
well, but the rapid dispersion of floats limits 
to a few weeks the time during which accu- 
rate synoptic maps or the stream function can 
be constructed. The longevity of liic Sofar 
floats is of no help here; thus, for future 
studies of this kind there may be a need for a 
simple, low-cost Sufar float of medium range 
of the kind used in the French Tourbillon ex- 
periment [Group? Tourbillon, 1983], For a 
more detailed discussion of the above ideas 
the reader is encouraged lo consult chapters 
4 and 5 in /?o5iiuon [1983]. 

Sofar floats are now in use in four experi- 
ments in the North Atlantic; The URI-WHOI 
Line and Gulf Stream Recirculation Experi- 
ments, Dispersiou Studies in Very Energetic 
Eddy Fields (WHOl), Topogulf (a French 
program), and a nascent British sLudy of dis- 
persion in very deep waters. The technology 
is mature and reliable. The inability to track 
the floats in real time, however, has handi- 
capped experimental plans to use floats inter- 
actively (for example in hydiographic sur- 
veys.) This has stimulated a program called 
Relays (WHOI) to develop listening systems 
which are suspended down into the sound 
channel from drifting surface platforms. 
Tracking data can thus be relayed immediate- 
ly to ARGOS (a satellite-based platform loca- 
tion and data collection system). 

Ai present long-range float tracking is lim- 
ited to oceans with permanent thcrmoc lines 
where acoustic energy is trapped by refrac- 
tion only. However, I believe it is possible to 
extend the technique tu tolil means with su- 
called half sound channels, i.e., where rays 
undergo surface reflection. For ibis to work, 
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however, it is necessary to work at much low- 
er frequencies such that the acoustic wave- 
length is long computed to the sea surface 
roughness. The way to dn this would inestim- 
ably be to reverse the entire procedure and 
plate on continental slopes very low frequen- 
cy sound sources powered from shore (in 
which case the acoustic power levels can be 

S really increased). I he Hu-ils. listen .uni Mut e 
»c time of arrival infoini.Utoii for later 
transmission to ARGOS at the end of its mis- 
sion. 

A version of this listening float, the Rafos 
(Sofar spelled backward) float, is currently 
undergoing trials in the Gulf Stream. Il lis- 
tens to moored Sofar floats, one of them 
soul It of Cape Hntteras and the other on the 
northern slope of die Bowditch seamount 
(Bermuda). Real-time tracking is obviously 
not possible. Rafos floats are also restricted lo 
somewhat shorter tracking ranges than the 
Solar floats, because, owing to their small size 
and weight, die floats cannot carry a vertical 
siring of hydrophones, which would improve 
acoustic reception in the horizontal. 

The Rafos float is an outgrowth of the de- 
velopment of lhe deep drifter, which is the 
same instrument minus the acoustic listening 
system. The deep drifter is intended to be 
used in clusters to obtain accurate estimates 
of subsurface and abyssal mean flows by en- 
semble averaging. The argument is simple: 
Continuous tracking of a float, like a continu- 
ous record from a current meLer, does not 
improve statistical confidence of the record 
mean if it is not long compared to the gravest 
energy-containing frequencies. Since these 
are often of the order of a year we will be old 
men before we are finished! 

The way lo defeat this is of course by mak- 
ing many independent observations, bill this 
is expensive; hence, a need for a simple, in- 


Meeting Report 

Quantifying Submarine 
Hydrothermal Fluxes 

Many oceanographers believe that the 
chemical fluxes associated with deep sea hy- 
drothermal processes are larg[e and gcochem- 
ically important, buL quantifying these fluxes 
is proving difficult. Seawater-basalt exchange 
takes place in high-temperature hydrother- 
mal systems at die very . axis of seafloor 
spreading, as observed at the Galapagos 
Spreading Center [Corliss el al., 1 979], and 
the East Pacific Rise at 13*N and 2l B N (iWi- 
chard tl al: 1982; RISE Project Group,, 1980]. It 
also takes place'In the lower lemperaturq hy- 
drothermal systems, which are ubiquitous on 
the flanks of mid-ocean ridges, unlil sedimen- 
tation, and, void-filling in basalt, sea| the hy? 
drodierpial systems at crustal ages between . 
iO and 80 m.y. [e.gl, Anderton el al., l?77].t - 

Chemical fluxes associated with crustal wa- 
ter/rock reactions hove been estimated in two 


expensive drifter. When used in clusters they 
provide an ensemble of displacement vectors, 
each one a time integral of Ligitiiigiaii mo- 
lion. Further, the spread »»f the ensemble of 
drill vccim s provides valuable information 
on the dispersive properties ol the held. Flic 
paucity, if not complete lack, uf information 
on mean flows and dispersion in much of the 
unrld uccdiis is well known. 

A recent development is the recognition 
that floats can be given isopycnal (constant 
sigma-t) properties. By inct easing the com- 
pressibility of the float (by adding a spring- 
backed piston) to match that of seawater, 
changes in pressure cannot effect a change in 
buoyancy relative to the surrounding fluid. If 
the float can be given a small (preferably 
zero) coefficient of thermal expansion, such 
as with borosilicate glass (Pyrex), its density 
will not depend upon temperature. Hence, if 
the float is neutrally buoyant at some sigma-t 
it will remain there regardless of what the 
temperature (and salinity) is. This technique 
should be quite helpful in studies of disper- 
sion and mixing across fronts. Because the in 
situ density gradient due to compressibility is 
no longer contributing to the stability of the 
float, Lhe requirements for accurate ballasting 
are more severe titan for conventional isobar- 
ic operation. 

in summary, drifters have considerable 
conceptual overlap with modern water analy- 
sis (especially marine chro nochemistry), it 
seems inevitable that the links between the 
two will become stronger in the coming yean, 
as the need grows to distinguish between 
fluxes by the mean field, by eddy mixing, 
and by discrete eddies. Lagrangian lech- _ 
niques also appear to be a powerful tool in 
synoptic siudles of local dynamical processes. 
What is perhaps not so obvious is that the 
neutrally buoyant float offers a platform for 

ways. One involves using the heat balance to 
estimate die rate at which hydrothermal solu- 
tion exit lhe crust, and taking the product of 
this number and change in chemical concen- 
trations to gel chemical fluxes. The composi- 
tion of hydrothermal solutions exiting at the 
ridge crest Is well known; solutions are de- 
pleted in Mg++ and SO* 3 ", and enriched in 
Ca, alkalis, and heavy metals (e.g., Edmond el 
ai, 1979; Motll and Holland, 1978]. However, 
the heat flux Is poorly knowh, with current • 
estimates ranging between 0.2-5 x 10 19 cal 
. per year (0.8-21 x 10 1 ® J per year) [Sleep et 
ai, 1984; Edmond, 1981], On Uie ridge flank, 
the opposite situation obtains. The convective 
heat flux is known to be about 5 x 10 19 cal 
per year [Anderson etal,, 1977; Williams and- 
Von Hama, 1974], blit almost not hi rig is 
luiown of the composition of the reacted sea- 
water. , • • : 

Tlie alternative hiethad of constraining hy- 
drothermal fluxes comes [rani the comple- 
mentary approach of studying ecustnl chemis- 
try. The composition of uhalifertd cnisiqj 
rocks is known from detailed sLutlies of a few 
DSDP holes, and hydrothermal fluxes' flaay.be 
estimated from the crustal generation rate 


cibsci vitsg small-scale processes wiihmii the 
problems associated with .ulvcctioti puu sta- 
tionary platforms. 

Indeed, with tlie ready availability of so- 
phisticated yet low-pmvcrcd mitrnpr* mesons, 
one can foresee tltc devd'ijiineui uf ,t variety 
of "intelligent" drifters designed to monitor 
the intern: il wave field, chemical changes due 
to isemiupic mixing, ui listen to and ohsenc 
the local ecosystem. Days, weeks, or months 
Inter limy can surface and report their fold- 
ings; these can then lie related to die large- 
scale processes within which they were em- 
bedded. 
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and the crustal chemistry of representative 
sections [Hart and Slaudigel, 1982; Thompson, 
1984], This approach is bearing fruit, but lias 
a limited applicability because of the limited 
availability of samples taken within the ocean- 
ic crust. 

To consider these problems, the University 
of Rhode Island's Graduate School or Ocean- 
ography recently hosted a 1-day symposium, 
under the auspices of the Norman Watkins 
Lecture Series, on the topic, "Quantifying 
Submarine Hydrothermal Flhxes: Evidence 
From Different Perspectives." The lectures of 
the seven speakers were discussed by mem- 
bers of the audience from UR I and Iter sister 
Institutions in New York and New England. ; 

. Norman Sleep (Stanford) and William Jen- 
kins (WHOI) discussed constraints on (lie axi-' 
ol heal flux from thermal modeling and the ' 
oceanic He isotope distribution, respectively. 
Sleep estimated the maximum axial convec- 
tive neat Hux as 2 x 10 ,B cal per yefar (deter- 
mined from lhe product of tne total crustal 
generation rate and' die latent sensible heal 
loss per graiq of crust [Sleep et al., L984]). He 

• . Oceanography (cont. ou p. 87) 
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No Olivine 
in the Mantle? 

Perhaps the most impressive factors iti D. 

L- Anderson's analysis of new physical models 
of the earth UTe contributions from the nu- 
merous disciplines of modern geophysics, in- 
cluding 3-dimensional seismolugical observa- 
tions, high-pressure experiments, highly pre- 
cise isotope analyses, and Studies of other 
solar system bodies [-SciVurr, 223, pp. 347- 
355. 10841. 

The results? In short, there are the "ins” 
and the “ouis." For example, the basalt-edo- 
gitc transition is back in fashion, whereas the 
notion of an olivine-rich deep mantle assem- 
blage is no longer in fashion. This analogy is 
not to Ik construed as any return to old, pre- 
pla l e-lee ionic concepts. Modern research, in 
the purest sense, is forcing “a reexamination 
of smile long-held assumptions." 

Anderson would not only ask to have the 
concept of the basalt-cclogiic transition be re- 
visited as a dominant crust- mantle parameter, 
but he provides insight to his suspicion of the 
validity of the olivine-spinel plme change 
and other nli vine-related transitions as impor- 
tant boundaries in the transit inn zone. Ther- 
mal expansion and other thermally derived 
processes in the mantle (i.e., a hut, low-veloci- 
ty zone) ate suspect its well. So, there fore, the 
olivine-spinel transition is "nut." as is the con- 
cept ol a partial-melt, spherical shell, luw-vc- ! 
liH.it>' /one from which liasalts cniild be de- 
rived. Instead, "the buoyancy differential that 
drives mantle convection is provided by par- 
tial melting and die basalt -eclogue phase 
change rather than thermal expansion" and 
“the large density changes associated with 
phase changes and melting in die basal [-eclo- 
gue system may drive convection and be re- 
sponsible for the chemical stratification of the 
mantle and the long-term isolation of geo- 
chemical reservoirs." The result is that an ol- < 
ivine-ridi mantle concept would not be com- ' 
I Kibble. ' 

Anderson's synthesis nf ulncrvatiunal and i 
experimental data. Luce element analyses, I 
and the approximations amt model functions 1 
required to fill the gaps of knowledge is a 
courageous, and, of course, controversial, at- l 
tempt toward taking an imaginative look at t 
all approaches to deriving a meaningful earth V 
model. It tnav be argued that the new inter- S 
premiums of this model arc no belter than 
those existing, because many of the advances s 
in seismology and experimental research on ti 
which the model is bawd are too new. Con- t! 
siderably more data are needed to justify c 
many of Anderson's conclusions, and some ( 
large knowledge gaps will not he filled soon. 
Anderson cannot be faulted, however. Tor 
lark of imagination nor fur creating a set of | 
ideas presented in a scholarly way. Ander- 
son's model should stimulate a strong re- 
sponse; the response may be in the form of 
obtaining the needed data . — PMB 

Radio Telescope 
Center Selected 

Socorro, N. Mex., will be home for the op- 
erations center for the Very Long Baseline 
Array (VLB A) network of radio telescopes. 

The National Radio Astronomy Observatory 
IN RAO) selected Socorro because oF its prox- 
imity to the Very Large Array (VLA), an ex- 
isting system of 27 radio telescopes and will 
allow combined operation of the VLBA and 
the VLA. In addition, two of the proposed 
VLBA antennas will be nearby. With the pro- 
posed array or 10 radio telescopes— from 
Puerto Kico to TIawaii— astronomers will be 
ahlc to probe the universe with a resolution 
1000 times greater than any existing radio or 
optical telescope and 100 times that of the fu- 
ture Hubhic Space Telescope. 

The VLBA will be operated by NRAO as n 
national facility. NRAO is operated by Associ- 
ated Universities, Inc., a consortium of nine 
member universities under contract with the 
National Science Vm inflation. The proposed 
lumling ilia case for VI.UA for final 1085 
(lip tVi.l'i |o J33.4 million) would go fur 
cun si tin linn ol the an,iy (Pat. February 14, 

I OK I. p. 49). 

Acid Rain Trends 
Summarized 

lit the northeastern United States, the acid- 


which has the most damaging level of acidity 
on a regional basis, occurred primarily before 
the mid- 1950’s and has been largely stabilized 
since the mid-1 960’s," said John T. Turk, a 
research hydrologist at the USGS Denver of- 
fice and author of the 18-page summary re- 
port- . . . 

Turk conduded that surface waters in lakes 
and streams in the Northeast follow a partem 
of acidification similar to that of precipita- 
tion. The acidification of surface waters oc- 
curred before the mid-to-laie 1960’s; since 
then, some waters have not acidified further, 
and other streams show a slight recovery-. 

Trends in the acidity of precipitation in the 
southeastern and western parts of the coun- 
try is far less certain. “In tne southeastern 
United Stales, the available data show that 
precipitation is more acidic than would be ex- 
pected for sites unalTcrted by manmade emis- 
sions.” Turk said. “In addition, a comparison 
of recent precipitation data with the meager 
historical data suggests an increase in acidifi- 
cation of precipitation since the 1950’s." Turk 
found, however, that most of the available 
data ar e ambiguous as to whether acidifica- 
tion of surface water has occurred in ihe 
southeast. 

Copies of Ah Evaluation of Trends in Ihe 
Acidity of Precipitation and the Related Acidifica- 
tion of Surface Water in North America (USGS 
Water Supply Paper 2249) are available for 
$2.75 each from the Branch of Distribution. 
Text Products Sections, USGS. 604 S. Pickett 
St., Alexandria, VA 22304. 


hi Congress 

Upcoming 

Hearings 


iiy ur precipitation has changed little in re- 
cent years, although the acidity Is increasing 
in other regions. That's the latest word from 


s jin:; 

. ' Vf 


a comprehensive review by the U.S. Geologi- 
cal Sumy (USGS) at mure than 200 pub- 
lished reports of acid rain research from tire 
past 30 years. 'Die report contributes to the 
controversy over whether increased sulfur ’ 
emissions from Midwest [tower-plants increase 
the acidity of precipitation in the Northeast. 

“When the results of the many individual 
studies are combined, they, show that acidifi- 
cation of precipitation in Lite Northeast, 


The following hearings have been tenta- 
tively scheduled for the coming weeks by the 
Senate. Dates and limes should he verified 
with the conimittee ur subcommittee holding 
the hearing ur markup; all offices on Capitol 
Hill may Ik reached bv telephoning 202-224- 
3121. 

March 7, March 13, Marrh 14: Clean Air 
Act (P.L. 95-95) amendments (S. 768) mark- 
up by the Senate Environment and Public 
Works Committee. Dirksen Building, Room 
SIMM. 10 A.M. 

March 19: National Oceanic and Atmo- 
spheric Administration fiscal 1985 budget 
hearings by the Commerce. Justice, Slate, ju- 
diciary, and Related Agencies Subcommittee 
or the Senate Appropriations Committee. 
Capitol, Room S-146, 2 P M.— 877? 


Geophysical Events 

Volcanic Events 

Campi Flegrei (Italy); Uplift and seismicity in 
the caldera since mid 1982. 

Etna (Sicily): Incandescent tephra from cen- 
tral crater; seismicity. 

Kilauea (Hawaii): I9th-I5th major phases of 
East Rift Zone eruption include lava foun- 
tains to 300 m and temperatures to 1147°C. 
Mi. St. Helens (Washington): Deformation 
and seismicity, then new lobe. 

Veniaminof (Alaska): lava fountains and Row 
continue. 

Pavlof (Alaska): Plumes on satellite imagery 
harmonic tremor. 

Pilon de la Fournaise (Reunion Is.): Second 
phase of lava emission. 

Sakurajima (Japan); 1983 explosions and ash- 
falb tabulated. 

Kusatau-Shirane (Japan): 1983 activity sum- 
marized. 

< New Britain): Marked increase in un- 

Manam (Bismarck Sea): Strombolian activity: 
explosion cloud to 3.5 km. 

Britain): Vulcanian explosions: 
ashfalls on coast. 

B^n* 1 (Solomon Islands): Two active lava 

Erebus (Antarctica): Seismicity normal; SO* 
Hire measured. 

Atmospheric Effects; El Chich6n cloud per- 
sists; hdar data to north pole. 

Campi FUgrei, S Italy Hb.83'N, 14.N°E). 
The following report is Trom Giuseppe 
Luongo, Roberto Scandonc, and Franco Bar- 
ben: Campi Flegrei (Phlcgracan Fields) is a 
large caldera some 12-14 Em across, located 
wxw VV ' V of Vc5uviu5 and 15 km 

Fn^rd r.' C C,t l° f Nap,ca ’ Tlie ra Wera 
lormcU after a huge eruption 35,000 years 

ago that produced 80 km* of dense r«k Sev- 
eral other eruptions or decreasing intensity 
have occurred since then. In the pasUO 8QQ 

SBf ft “ 

'Tl 011 0ccurre ‘ 1 in 1588. 

F 8re ‘ h “ k en ,he ,ilc Of slow 

vertical movements since at least Roman ■ 
times. A slow subsidence had occurred since 


around were observed between 1 .17- and 
1982 The oscillation had an annual iwnwl 
with a range of about 10-15 cm per Year in 
die zone of maximum uplift. Sinre the mhii- 
mer of 1982, the oscillation has nut reversal 
as in previous years. The overall uplill 
amounted to 1 1 0 an between January 1 982 
and December 1983 in the zone of maximum 
movement, within the town of Pozzuuh m the 
center of the caldera (Figure 1). Repealed 
leveling surveys in ihe area have given evi- 
dence of an area of uplift of about 6 Mil radi- 
us with a fairly circular symmetry. Ilnri/untul 
deformation data give evidence of a maxi- 
mum extension of about 40 cm over 4 km, 
nearly coincident with the area ol maximum 
vertical uplift. . . 

"In November 1982, moderate seismic ac- 
tivity was observed by the permanent seismic 
network, which has been operating since 
1972. The level of activity was slightly silxive 
the microseisinic activity in the area. Ill Janu- 
ary 1983, public officials were notified nf the 
anomalous trend of die phenomenon and of 
the possibility of an increasing seismic and 
volcanic hazard. In March a distinct increase 
in seismic activity was observed with the first 
magnitude 3 earthquake. Since then, ground 
uplift has continued with a velocity that 
reached 5 mm per day during October. After 
October, oscillations in the rate of uplift were 
observed, with a range between I ami 4 nun 
per day. The seismic activity increased follow- 
ing a trend similar to that of the uplift veloci- 
ty (Figure 2). A magnitude 4 earthquake oc- 
curred on October 4 when the rate of uplift 
reached 5 mm per day. This earthquake 
caused some building collapses (without inju- 
ries) in the town of Pozzuoli. Downtown Poz- 
zuoli was evacuated a her this event due to 
the concern for the increasing seismic hazard. 
The main pan of the town is built of old 
brick houses which were increasingly affected 
by the continuous seismic activity. Oil Octo- 
ber 13, 1983, a seismic swarm nf some 251) 
shocks occurred in 5 hours. The maximum 
magnitude was 3.0. 

’The people evacuated from Pozzuoli were 
temporarily resettled in the resort areas sur- 
rounding Campi Flegrei. A new settlement 
has already been planned on the bordci nr 
the mnre vulnerable area. The choice of the 
location of this settlement was made by public 
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Fig. /• 1 T l*lil i .i' rtieusui erl by the title 

gauge .it i'liz/iiiili, 1982-1983. 


amt mi it irs in on In in miuiim/c the social 
(iiii'icqurm vs ol rv.u ujiing people from their 
resident es. I lie new settlement is relatively 
sale fmni a seismic point ol view Inti is not 
vale Tii mi a iii.ixiviitiin probable vulcanic 
event. 

" I he eaithqn.ikes ol higher magnitude are 
mainly mnl uteri within a i entitled urea un- 
der the Snll.ii.ii . 1 1 r.iier (Figure 3). 1 hey are 
ullsei with lespeii lo ihe .lira nl maximum 
uplill, ami ilieii ine.tti depth is about 3 km. 
Pieliiniiiaiy local mei haiiisins inriit ate a pre- 
dominantly tensile held ill this aiea. The data 
on icinpnial riisit ihiuioii ol f.iitlii|Uiikcs indi- 
cate a Mt Jiiu-lvpe dial at lei ol the events. 
The event ol maximum i nag nil uric (4) oc- 
curred Ot lober 4. 1983. and its epicenter waj 
in the Solfaiar.i .iiim. A dose correlation 
seems to exist between the velocity of uplift 
and the seismic ,u livitv. I lie more energetic 
earthquakes seem m toiiu ide with the higher 
rales of uplill f I -5 nun pel (lav). The shallow 
dim at It i ot the seismic .it livitv dues not gi« 
any evident e ot a /one nl anomalous propa- 
gation of V waves. 

"Siute April 1983. i.irimi mr.isiiremcntt 
have been made in w.uei wells l»«t ailed in the 


Correction 

On p. (iti nl the Fell. 21. 1984. issue of Eft. 
the |Miagi.iph in mlmmi 2 untler Other 
Awards lie. ided “Rnlieii K. Horn m Medal* 
should have appealed at die Ixittoui of col- 
umn I. jusi In-hue the set I Hill headed "Rub- 
cn E. llniuui kese.ildl < •l.llll." 


PLATE RECONSTRUCTIONS 
FROM PALEOZOIC 
PALEOMAGNETISM 

R. Van der Voo, C. R. Scotese and N. Bon horn met, Editors 

Qeodynamics Series i 2 
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The International Lithosphere Program, Initialed In 1981. Is a natural 
successor to the 10-year Qeodynamics Program. Plate Reconstructions 
From Paleozoic Paleomagnetlsm (1984) Is the flrst volume In this 
senes of progress reports on the work and research accomplished during 
the International Lithosphere Program. 

The eleven papers presented In this volume detail a state-of-the-art account 
or Paleozoic paleomagnetlc studies. Plate Reconstruction From 
Paleozoic Paleomagnetlsm (1984) marks an auspicious beginning to 
ecade of international collaborative research In Phanerozolc plate 
motions, continental configurations, and mountain building episodes. 

Papers In Volume 12; 

^Pbn®M UCBQn to ™ 8 Vo,ume: Paleozolc Paleomagnetlsm and the Assembly of 

Re “°™ 

of the W«Bt VlnjM", 

Upper p ' otero “ lc ' cambria " <?l 

Paleomagnetlsm df and *h® Proto-Atlantic Ocean In Ireland 
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After March 30, 1984, this volume will be 920 
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Fig. 2. Daily number of earthquakes at Campi Flegrei (vertical lines) and cumulative 
strain release (curve). January 1983 to January 1984. 
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Fig, 3. Distribuiiou of the best-located earthquakes (circles) anti positions of seismic sta- 
tions (triangles). 


area. The data are still too preliminary to in- 
fer any model. We await a prolonged period 
of measurements to infer what may be the 
seasonal trend. Temperatures ol the Solfaia- 
ra fumaroles are also continuously moni- 
tored. No significant change Inis been detect- 
ed. Gas monitoring of the fumaroles of Snlfa- 
tara is carried out by several lea ms from the 
universities of Palermo. Fist*, and Florence, 
both by com in nous measure mem and by pe- 
riodic sampling. Preliminary data seem to in- 


dicate an increase in the energy flux supplied 
to die deep water table located at 1.2 km 
depth by the geothermal wells. Two detailed 
surveys of the helium content of the ground 
have been performed by a team from the 


and monitoring of gas content and tempera- 
tures or fumaroles. Vertical ground deforma- 
tion is measured by a repeated leveling of a 
permanent network and is also checked daily 
by a tide gauge in Pozzuoli harbor. The per- 
manent seismic network operating in the area 
(Figure 3) is composed of 22 vertical seis- 
mometers, 15 of which are cable connected to 
a central point in Naples. A seismic explosion 
campaign has been planned in the Gulf or 
Pozzuoli to provide information on the deep- 
er structure of the area. In cooperation with 
University of Wisconsin seismologists, a tem- 
porary network of 10 thrcc-componcnt sta- 
tions with high dynamic range has been de- 
ployed in the area and will operate for some 
months." 

Information contacts: Giuseppe Luungo 
and Roberto Scandone, Osservaiorio Vesu- 
viano. Largo S. Marcellino 10, 80138 Napoli, 
Italy; Franco Barberi, Dipariimento di 
Scienze della Terra, Via S. Maria 53, Pisa, 
Italy. 

Rabaul Caldera, New Britain Island, Papua 
New Guinea (4.27°S, 152.20‘E). 

This report is from P. Lowenstein: "There 
was a marked increase in the amount of un- 
rest in Rabaul Caldera during January, with a 
total of 8372 volcanic earthquakes recorded, 
an increase of 1255 over the December total 
(see last month's Bulletin). 

"A major seismic crisis took place on Janu- 
ary 15 when 942 earthquakes occurred, in- 
cluding several strongly fell events. The max- 
imum magnitude earthquake (ML 4.9) ivas 
accompanied by underground rumbling 
sounds. This crisis was accompanied by a 
maximum tilt change of 32.5 microraclians at 
Rapimlik tilt station and a lateral intrusion of 
about 0.3 x I0G in* of magma at a depth of 
0.9-1. 1 km. This resulted in a shift of the 
center of maximum uplift of about I km lo 
the NW of its previous Location, bringing it 
closer to Rapimlik than tu Tavurvur. 

“The overall distribution of earthquakes in 
January was similar to that in Dccemhci, with 
high concentrations tin the NE (Greet Har- 
bour) ami W (Ke ravin Bay) sides of the har- 
bor. Local concentrations of events also oc- 
curred along the Rapimlik NE-SW fault line 
after the seismic crisis on January 15. 


“Steady inflation of the Keravia Bay and 
Greet Harbour magma reservoirs continued 
throughout the month. The lateral intrusion 
of magma under Greet Harbour resulted in a 
maximum uplift of 6 cm in Greet Harbour 
and a vertical displacement of S cm along the 
Rapindik Fault. 

“As a result of the increased activity in Jan- 
uary, a warning was issued to the authorities 


to the effect, that the eruption, which was pre- 
viously thought to be only a possibility when 
the stage 2 volcanic alert was declared on Oc- 


tober 29, was now much more likely u> occur 
within the next few months." 

Information contact: P. Lowenstein, Princi- 
pal Government Volcanologist, Rabaul Volca- 
no Observatory, P.O. Box 386, Rabaul. Papua 
New Guinea. 


Earthquakes 

Information contacts: National Earthquake 
Information Service, U.S. Geological Survey, 
Stop 967, Denver Federal Center, Box 25046, 
Denver, CO 80225. 

Meteoritic Events 

Fireballs: Austria (2); Austria-Czechoslovakia; 
N Central USA — S Central Canada; Florida, 
Pennsylvania-New Jersey, Pennsylvania, USA 

This is a summary of SEAN Bulletin, 9(1), January 
31, 1984, a publication of the Smithsonian Institu- 
tion's Scientific Event Alcn Network. The entire Ra- 
baul article it included; the Campi Flegrei and 
earthquake re [juris arc excerpts. The complete bul- 
letin is available in the microfiche edition of Eu as a 
microfiche supplement or as a paper reprint. For 
the microfiche, order document K.M-t— (Ki2 at $2.50 
(U.S.) fnn ii Af.U Fulfillment. 201)1) Florida Avenue. 
N.W., Washington. DC 201)09. For die paper re- 
print, order SkAN Bulletin (giving volume and issue 
numbers and issue dale) through ACU Separates at 
the above address; llic price is $3.50 for one copy uf 
each issue iiuiulicr for those who do nm have a de- 
posit account, $2 Tor those who do; additional 
copies of each issue iitimbcr arc $1. Subscriptions to 
SEAN Bulletin are available from AC1U Fulfillment 
at the above address; the price is SIX for 12 momli- 
ly issues mailed lo a U.S. address. $28 if mailed else- 
where. arid must be prepaid. 


Earthquakes 


Univeisity uf Runic. Older nf niUKiiiiude 
variations have been (let cried in a large area 
NW uf die town of Puzzuoli.” 

Date 

Time. I'T 

Magnitude 

Latitude 

Longitude 

Depth 
of Fcicns 

Kcgimi 

The perniaiient surveillance network op- 
erating in the area coni prises measurements 
uf ground deformation and seismic, activity, 

an. 1 
_ an. X 

t>9u4 

1524 

6.5 nib 

6.6 M. 

.13.41 PN 

2.82°ij 

1 17.32°E 
1 L8.80°E 

374 km 
shallow 

S id 1 Ituislui. Japan 
W Sulawesi, Indonesia 



Negev: Land, Water, and 
Life in a Desert 
Environment 

Daniel Hillel, Pmegcr, New York, xx + 270 

pp„ 1982. $32.95. 

Reviewed by William Back 

In view of the continuing increased con- 
cern about the extreme fragility of deserts 
and desert margins, Negn> provides a timely 
discussion of land-use practices compatible 
wilh the often conflicting goals oF preserva- 
tion and development. The success of agricul- 
tural and hydrologic experiments in the Neg- 
ev desert or Israel offers hope to the large 
percentage of the world's population lhaL 
lives with an unacceptably low quality of life 
in desert margins. Deserts are the one re- 
maining type of open space that, wilh proper 
use, lias the potential for alleviating the mis- 
ery often associated with expanding popula- 
tion. 

In addition to the science in the book, the 
author repeatedly reinforces die concept that 
'western civilization is inextricably bound to 
the Negev and its environs, from which it has 
drawn, via its desert-bom religions— Juda- 
sium, Christianity, and Islam — many of the 
mores and concepts, and much of the imag- 
ery and love of the desert, including man's 
relation to nature and to 'God'." Deserts of- 
ten are erroneously perceived to be areas of 
no water: In reality, these are areas in which 
a little rainfall occurs sporadically and unpre- 
dictably over time. This meager water supply 
can be meticulously garnered to produce nu- 
tritious crops and forage. 

Daniel Hillel, the internationally recognized 
soil physicist, was one of the original 12 
founders of the pioneer settlement of Kib- 
butz Sdeh-Boker in 1951. Much of their early 
work was to SLudy the methodology that early 
civilizations used to obtain water, to repeat 
their techniques, and to atiempL to improve 
them. The author develops a strong archeo- 
logical and historical theme about use of wa- 
ter from the time of the earliest people of the 
Negev up to the recent, sophisticated tech- 

n, 5H« ?f water management 

, ma >n guides that he and fiis colleagues 
nuTi > l ' ie Negev in the early, days were the 

o. "; an d Tlu Wilderness of Zm written by (wo 
British archeologists, C. L- Wooley.and T- E- 
Lawrence, the latter wfio was to become the 
tamed “Lawrence of Arabia." Nelson Glueck',- 


whose book Rhen in the Desert: A History of the 
Negev was tu cume later (1959), tells of ob- 
serving theelToris of Hillel and the other 
young pioneers in locating and refurbishing 
the ancient cisterns. Sdeh-Boker has now be- 
come a major tourist and cultural center (it is 
the location of the Institute for Desert Re- 
search, affiliated with the Ben-Giirion Uni- 
versity of the Negev) and its success is due in 
pan to Prime Minister Ben-Gurion's decision 
lo resign from government and become part 
of this pioneering effort. 

This extremely well written, entertaining 
book contains flashes of humor. It reads like 
a novel and is to a large extent autobiograph- 
ical. The author has the uncommon talent to 
weave anecdotes into scientific facts and in- 
terpretation. The semitechnical style of writ- 
ing with minimal references, and the scrap- 
book nature of the photographs add readabil- 
ity and poignancy to the book. The first part 
(66 pages) is a perceptive description of the 
ecology of deserts dial includes discussions of 
water, soil, vegetation, ecosystem, animals, 
and man's relation to the desert. The second 
part of the book relies heavily on the author's 
scientific work and personal experiences that 
are used to describe these elements within the 
context of the Negev, somewhat as a case 
study but. perhaps, more as a microcosm of 
deserts worldwide. 

Another fascinating example of the rela- 
tionship between archeology and hydrology, 
in addition to the author's comments on re- 
construction and importance of the cisterns, 
is the explanation ot the countless heaps, 
mounds, and strips of gravel found on many 
hillsides covering scores of square kilometers 
that are commonly arranged to form regular 
geometric patterns. Previous speculations 
were (I) that the gravel mounds supported 
grapevines rooted under them and that the 
heat emission from ihe dark gravel hastened 
the ripening of the grapes; (2) that the gravel 
mounds were "aerial wells” designed to con- 
dense dew during the night to irrigrnte the . 
roots of the grapevines; and (3) that the 
mpunds were built to Increase the rale of ero- 
sion from the hillsides to hasten the deposi- ■ 
lion of soil in (he bottom-land terraces. 

Actually, the mounds and ridges are an in- ; 
advertent artifact with -no utilitarian value, 
but merely represent the accumulation of • 
gravel that the early people cleared from the 
surface. Hillel’s personal research demon- 
strated that, where the gravel pavement is re - 1 
moved, the unstable,- loess-like soli! slakes 
doWn to form.a surface sealjthat markedly re- 
>• '. ‘ ' , Books fepnF. on p, 88) .. 
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swell plus wind waves in fully developer! seas. 
Monthly global map of wind, significant 
wave height, and minimum swell from Sesisat 
show not only the expected zonal patterns 
title lu the trade winds and oilier major wind 
systems Inn also wind anil wave features on 
scales as .small as HH)0 kin. Winds and sea 
stales were highest in the Southern Ocean, 
ut id the local maxima migrated cast ward 
from the Atlantic to the Indian Ocean and fi- 
nally into the Pacific during the summer ul 
11)78. Using successive 3-day maps, swell 
fields have been trucked from their initial 
formation in the Southern Ocean northward 
through the Pacific toward North America 
(Figure 2). 

Amplitudes and phases nr ocean tidal cum- 
laments can he recovered with satellite altim- 
eter data. The iimplitudc and phase of the 
Mu title in (lie Indian Ocean were obtained 
from a 2-dimc nsioual, space-lime, least 
square* harmonic analysis of the Last month 
of the cullincur Sea sat d.it.i. Figure 3. There 
arc Four interacting umpiiklrotnic paints sur- 
rounding a large area of maximum ampli- 
tude a ud stiilionary phase. This solution 
shows an enhancement of Ul to 20 cm in the 
maximum amplitude ill the middle ol the 
ocean minnaicd with must models. Compari- 
sons with the Schwidcrski mode] indicate a 
shift inn lit wan I fur the ampltidnmiic |M»ini 
near Australia mid a southward shift lor the 
line near Madagascar. 

Ocean Circulation and 
Variability 

Mcsiist'iile eddies (stall's ol fit) to several 
hnndtcd kilometers) ixiur ill all means and 
ai i* rc'|Miiisihle for miirh of the Imri/niilal 
mixing. The uum intense eddies arc awKi.it- 
ed with weUei o hoiitnliiry cut reins siitd other 
tot icenl ruled (lows. Fddies ntiiy alter the am- 
plitude of the sea vitiate hv as ninth as I m. 
The meandering of intense cur rents, which 
generate many of the eddies, is nntsidcred 

р. ui of the total eddy held. 

Many of the .illiinetric teihiii(|iies devel- 
oped lor observing «-j height v.in.ihility dm* 
to eddies .ire independent of mbit ami gcuid 
error. I lie imiliml ul lolliueui dilferemex 

с. iii he used lot the last 2“i days of the Se.isal 
mission when the ground track «»s repeated 
within 2 km eveiy 3 days. Mesmiak v.irijhili- 
ty can he nVneivvil in those repeated profiles 
since the gci ml is constant in lime. Meander- 
ing cut rents and migrating eddies appear as 
wave-like signals propagating iliunigh the al- 
liinetei profiles. A gluh.il m.ipol inooscalc 
variability compiled (rum all ihcStasai collia- 
ear data (cover) shows the largest variability 
associated with live major iiirreiii systems: 
die Gulf St ream. Kurusliio, Agiilluis. Anl.irt- 
itc ( iicuinpol.il , and the Falklandlirazil con- 
ilueiici'. As cxpei ud, there is a marked mu- 
trust lie tween high energy- in (hr western 
parts of ocean bavin and low energy in the 
east, hcicr.il areas such as the Eastern Pacific 
;uul South Atlmnir arc remarkably (piiei with 
rms variability of only 1-2 (in. Btiause nf the 
existence ol these last, low-energy regions, 
die North L«pi atonal Current systems in both 
die Pat ih c .mil Aihtuii appear as zonal vari- 
ability maxima. The rclniionship of this vari- 
ability to bottom lopograuhv in the Sou them 
Ocean can be interpreted in a manner con- 
sist eni with tlicnmnal concepts. For exam- 
ple. the generation of nm icy-clonic eddies is 
suggested downstream of the Macquarie 
Kiligc. 

Using this culliiicar data set, the waven- 
umber spectra of inemscale variability were 
found to be :i fuiuiiini nf energy level. In 


liigh-energy areas close to major current, sys- 
tems. most of the energy is at wavelengths 
greater than 250 km. The spectrum follows a 
A s dependence as predicted by geostroptuc 
turbulence theory. In low-energy areas, the 
spectrum follows a A' dependence from 100 
to 1001) km. not significantly different from 
predictions of an atmospheric forcing model. 

The collinear method can also be applied 
to the GEOS-3 altimeter data in the western 
North Atlantic where the data arc particular- 
ly dense. Eddy kinetic energy computed from 
3.5 years of GEOS-3 data (Figure 4) shows 
maxima of 1000-2000 cm a s * in the Loop 
Current and Guir Stream meander and ring 
region, with minimum values of approxi- _ 
mately 200 cm* s'* toward mid-ocean, consist- 
ent with recent results from satellite-tracked 
drifting buoys. A significant difference be- 
tween the altintetric map and those derived 
previously from ship drift data is the absence 
of high variability in the Gulf Stream along 
the coast. This graphically demonstrates that 
the altimeter is able to determine the energy 
associated with eddying motions (temporal 
variability) uncontaminated by contributions 
from strung horizontal gradients (spatial vari- 
ability). 

Alternatively, the gravitational signal can 
be removed directly by subtracting a detailed 
gcoid model, such as the 5* x 5' GSFG gravi- 
metric geoid for the western North Atlantic. 
Thus, the Gulf Stream and its rings can be 
ubserved in individual passes of altimeter 
data, and ncar-syuoplic maps of the Gulf 
Stream can be produced. Similarly, the geoid 
can be removed from a regional surface com- 
puted from a grid of altimeter dan. This ap- 
plication was demonstrated using only two 
weeks ofScasul alii meter data. The resulting 
residual maps show the l-m dynamic height 
change or the Gulf Stream and several warm 
and cold core rings. This technique could he 
used during the GEO.SAT mission to monitor 
monthly the Gulf Stream system. A final 
method for eddy detection is to use a long- 
term altimeter surface as a reference to locate 
ring anomalies in individual profiles. A mean 
sea surface generated from 3.5 years or 
GEOS-3 data plus 3 months of Scasat data 
has licen successfully used for locating cold 
core eddies in the Sargasso Sea. 

.Several groups have addressed the problem 
of determining glnlial ocean circulation using 
existing altimeter data and global geoid mod- 
els. Although present gcoid models arc 
known to lie relatively inaccurate at shot i and 
intermediate wavelengths (a few hundred to a 
few thousand kilometers), the lunger wave- 
lengths are very well determined from track- 
ing of numerous earth-orbiting satellites. Re- 
cent Gmldard Earth Models (such as GEM-L2 
and PGS-S4) arc probably accurate to 10 cm 
at wavelengths greater than 10.000 km. Since 
this is comparable to the scale of most ocean 
basins, these geoid models might be used to 
determine the gyre-scale flows. 

In the initial computation of the mean alii- 
inetrii surface, the radial orbit error (which 
Tor Scasat ami GEOS-3 is or ihc order of I 
m), must be treated. However, sulutions have 
been generated whkh reproduce some fea- 
tures of dynamic topography maps based 
u|xin hydrographic data. Each one treats the 
orbit error in a different way. In the first case 
a global allimetric surface was computed 
from 1.5 years of GEOS-3 data combined 
with the 3-momh Scasat data set. With such a 
large quantity of altimeter data over a rela- 
tively long period, much or the radial error 
was probably removed through averaging. 
When this surface is differenced with the 
PGS-S4 geoid, a model developed especially 
for Seasat, gyie-scale features with the proper 
sense of flow are obtained (Figure 5). A glob- 
al surface was also computed from only three 
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Fig. 5. Dynamic ocean topography genet ated hum .i lung trim un-.m >«•., mu lair in- 
sisting of 1.5 years of GEOS-3 and three mouths nl Sc.is.it .illiinru-i d.it.i l»»i die Gulf 
Stream region. A global geoid model (PGS-S4) w.is siiImi.ii ted Iron, the .ilmiu'li i* surface to 
remove the contribution of gravity gradients \Clu in \ mul A /km A. I*»SJ| 


days of Scasat altimeter data front which a estimate ul tin- sc.isnu.il iiiimii 'Itiuinic 

Fourier series representation of the radial oi- i.ipliy wlm Ii « an Ih- n l.m-il that drift- 

bit eixor was removed through an analysis ol miueil lit s.iicllm- .iliimciit. 
crossover differences (where ascending and 

descending ground (racks inlet sen), logetlier r* ork l rt4r , f R-Hlit/mptl’V and 
with the along- track altimeter data. A iliinl OeOlOJ^y , l>*Uliyi**CU y « 
surface was determined from a spherical liar- Tee Mill) n i 11 IF 
monic analysis of the differences between the * * ” 

GEM-9 gcoid and a 3-nion.h Scasat altimeter H.„|,v„„t,i, l.-ai.ii.-s. in. hiding die m«d- 

surface or the Pacilic. All three of these sin- |„. v li.miui- /ones |«h- 

faces show similar nmpde features, a re- sl , llliml(l1 s ,|| p.odu.e .mu- 

markable result cons.dc.mg the inagniiude ol sminding leal .na.ine gnwl 

the present altuneirit and geoidal mots. s!m ( | h> s., .ell.tr -in. Iln- **** 

xr j i le.ii Hies, In. ex, on I ile the I'.nili* iui»hrs,J 

UC6cUl Models easily iilcmilml lit iiis|ieili«iii ol tlte 

maps ul the mi all sea Mil lace. Groin h'' l,lir * 
A qiiasi-geosirojihic, Maiislical-dynainii.il nl a lew lens ul eniliini'iets 

model has been used in simulale a satellite al- smtilln ii n I, '.times ate Minaim* 

timeinc mission using the POI.YMODK data dillu tilt n. ..Ic iuilt. Using a matched ItHcr 

set. The net improvement of mean predie- lor .uni «|.-i.-« liner iiiiiImH" 1 » 

tions achieved by 'l-dlmciislonal data assimila- iiii.iiuis l.avr Inc, dele, ml hi «Im- ***** J 

lion of aUimetyic data, in addition m in sin, iilu . .mil the ni-nid .unplitmle and dcjpw 

observations, through optimal (Mima. ion the- ,pn.s,ui..i. lot H »1 ^ ‘ Nhl,KIJ 

H'.*" dc ' ,1,,, J«rai«l for hypoiheiiial said- MMiimiiiits have been estini.iml- 
Si l lclll, . c al,| hM.iry ran he liiniu-t t )vei the Mnsii ian sr.it not it ih. 

used to develop the nirreliuicm liuu linns |,.,s l,n-u pie. In ml to lu-ilrc ihati 

. Rloba ' ha * lH '« - s l» * il> il**' ft mr me, in mm sin la. «• lias Inrti ItiKh-pM I' 

n,nH,tei V l‘' 1 K BC "r ul i ol l Hair with lopogtaphy P"' 

r.vrl KvT n ! lr!,IC ft , l > i ,| - |, l» »l an mean- al s.nr, Srve.al tm.jui ami 

auSn or b Ldi«r W “ M - ° rC i mf i Jll “ l ' h, ‘ »‘-w le.itim-s have her., .(-sealed. I<"^ 3 

stabHhiL^T n J iT° ,1S , ! yth Y l > !»>«•• ‘lie l.niisville Ridge ‘j* ' |C ^. 

eauilibriiim bn J°^° rCaC ' * l 1 timnnis srries oi si mil, ei helmi-d 1 K 

ffflT whi7 ' C T" a,Ml tueiils or seumiuutl paics. The n#' S 

aKreemem w^?. 1 ' 5 *"** <•) (hiyot shows no 

agreement with obscn-aimns. 11, esc results auni.ialv -/.hr 

rnSPt P ro(l , UCUve s «»ulation 5 ctml.l |, c , M . r . 1 1 i K |„ w>llll j, k ,-„h I gi .idlctit m«'P 5 

determine wlieth^r 0 ' n" alU,uc,ril ' "»«i'»ii to South l*ai iln based upon a uimhina^" 

"k- cbm .....i -iS 

statistics deierniinr!t f c ltc a J llllwlr y- Also, Iwn lOiistiui led- Altimeter rW,s “* 
n rW “S™ ln . ed f,oin u l( , tinctvy could Ih.* d\« rcnamie.s assmiated wiili 


Ocean Models 


A quasi-geostrophic, Matistical-dynainii al 
model has been used to simulale a satellite al- 
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100 km have been resolved. In tlte I ndo- At- 
lantic basin, where sparse data coverage has 
limited previous tectonic studies, hathymctrii 
features such as trenches, ridges, I ranine 
zones and seamounts arc clearly visible. 

Sea sal also tracked areas of smooth terrain 
including deserts, sail fiats, ice sheets, tundra, 
and valleys. The altimeter tracker did not re- 
spond quickly enough over most non-ocean 
features; however, the waveform data have 
been retracked to achieve accuracy levels of 
better than a meter. Tlte Seasat allimetric 
overland data base consists of mure than 400 
hours at a measurement rate of 0.1 second or 
potential nveriaml/ice profiling lengths of ap- 
proximately I0 7 km. 

Overland analyses Tor south central Arizo- 
na, the Imperial Valley of California, the 
Yuma Valley of Arizona and the Florida Ev- 
erglades lu(ye yielded surface elevations over 
smooth terrain accitmteio plus or minus I m 
when correlated with large settle maps. De- 
tailed analyses of ice topography in the polar 
regions have provided regional maps with a 
precision of a few decimeters. 

Conclusions and 
Recommendations 

Based on the presentations and discussions 
at the seminar, we make the following recom- 
mendations. 

Sensors 

Since measurements show that at 13.5 
GHz, height errors due to EM bias are 10 to 
25 cm for 5 m significant wavcheights, this 
problem is worth eliminating from the data. 
Both experimental (aircraft and wave tank) in- 
vestigations as well as theoretical studies are 
needed lo understand and quantify this bias. 

A modest incremental investment in a clev- 
er modification could produce a wealth of ad- 
ditional information witli nmhibcam altime- 
ters. 

An additional rain gate would, besides pro- 
viding rain information — which is useful in its 
own right— offer die prospect ol identifying 
and correcting for :t significant vjmcc of er- 
ror: rain cells in the altimeter footprint. 


Orbits and Data Frocessing 

Scasat radial orbit accuracy has been im- 
proved to better than 50 cm. Further im- 
provements are possible with existing daiu as 
more accurate ca.th gravity models and other 
geodetic models are developed. 

Algorithms should be developed that con- 
tinuously output to the geophysical data rec- 
ords (GDR) the statistical uncertainties in die 
derived parameters. This is done with maxi- 
mum-likelihood and error-propagation meth- 
ods. These uncertainties then allow the user 
to deride whether and how to employ the 
GDR's. ' 

An updated Seasat GDR should be pro- 
duced. This GDR would have a more accu- 
rate orbit, improved geophysical and instru- 
ment corrections, and estimates of uncertain- 
ties. 

Future research should attempt to utilize 
the new, large-scale computing systems such 
as the Cyber 205 vector processor as well as 
the versatile minicomputer systems. 

Scientific Applications and Models 

Satellite altimetry offers a means, for the 
first time, to address various unknown as- 
pects of the general (global, climatological 
mean) ocean circulation with a common ob- 
servational system. Also of great importance, 
it will permit estimation of the evolution of 
the transient, synoptic scale circulation, which 
is required for understanding the ocean's re- 
sponse to various external and internal forc- 
ings. Some information on synoptic scale vari- 
ability can be extracted from allimetric data 
at “face value.” However, to extract much of 
the scientifically significant information, be- 
cause of its nominircn m space-time sampling 
characteristics, the allimetric data will have to 
be passed through 4 dimensional data assimi- 
lation schemes, where dynamical and statisti- 
cal methods are used to interpolate and ex- 
trapolate the data to a regular, space-time 
grid. The most complete and correct data in- 
terpretation may take place in life model-out- 
put rather than the model-input phase. Nu- 
merical ocean circulation models can already 
be useful for data interpretation in the sense 
of providing analogs lor pattern recognition 
purposes. They should also be very useful lor 
simulating allimetric data missions in order tn 
assess the ability of such missions 10 recover, 
bv inversMi. an aa urate clinruricrizatiun ul 


the ocean's space-time circulation structure as 
a function of mission parameters. Overall, the 
Future use of satellite remotely sensed data of 
die ocean, especially those associated with the 
ocean dynamical variables observed with the 
altimeter, will be critically linked to numerical 
ocean models, both statistical and dynamical. 

Ovciland tracking by satellite altimeters 
represents an important new technique for 
terrain mapping, regional tectonic studies, 
monitoring of vertical crustal movements, 
and mapping icc sheet topography. 

Scientific Communications and Cooperation 

The further scientific use of satellite altime- 
try may be fostered by joint gcodcsy/ocean 
sciences sessions at AGU meetings. There will 
remain the need for in-depth discussions of 
scientific results in a workshop formal ; the 
Pilot Ocean Data System Science Steering 
Group may sponsor the next altimctcric 
workshop in 2 or 3 years. 

European Missions 

Since the Europeans will be active with 
their own allimetric satellites late in the dec- 
ade. scientific communication between mem- 
bers of European and American scientific 
teams will be essential. Even more important 
is the promotion of freely-flowing, two-way 
data exchanges between these communities. 

GEOSAT 

Beginning in 1984, the Navy’s GEO.SAT 
promises to provide useful data for several 
years, bridging the CEOS-3/.Scnsat and the 
NROSS/TOPEX eras, since ii will be the only 
allimetric satellite available in that period, it is 
important that the ocean science community 
have access to the data (at least to its unclassi- 
fied ocean residual. i.e„ after a classified gc- 
oid has been removed fi'en. the original 
data). Since there is likely to be extensive in- 
terest in this data set, it sltuithi be made 
broadly available through the Pilot Ocean 
Data System. However, there is a need to 
have adequate dncumcniatinn and quality as- 
surance of the classified aspects iff the data 
stream in order to preserve the scientific in- 
tegrity and utility of the data base. 

Operational Applications 

Synoptic sequences of altimcuic topogra- 
phy on a weekly time scale could reveal the 


evolution of transient ocean circulation fea- 
tures, allowing the forecast, for example, of 
El Nifto events which evolve over the course 
of a few months on an ocean basin-wide 
scale. Undoubtedly, operational use of wind, 
svind wave, and swell information can be an- 
ticipated. 
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and jointly sponsored by the Pilot Ocean Data 
System and the TOPEX Development Flight 
Project Office (C. A. Yamaronc, Manager). 
These activities are sponsored by the NASA 
Office of Space Science and Applications, 
Oceanic Processes Branch (W.S. Wilson, 

ChieD and the Information Systems Office 
(A. J. Villasenor, Manager). 
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then argued that a convective beat llux uf 
this magnitude would freeze the magma 
chamber at fast spreading ridges; therefore 
the tine value was likely much lower. He 
summarized seismic reflection data front the 
Lau Basin back-arc spreading center ami the 
East Pacific Rise (EPR) at 9°N; the results in- 
dicate magma chamber depths of about 2 km 
in both cases. These depths, together with 
models of magma chamber shapes, suggest 
an axial heat Hux of only about 0.2-0.5 x It) 10 
cal per year, with the lower value being fa- 
vored. 

Jenkins briefly reviewed evidence that ’He 
is uutgassed from the oceanic crust at a laic 
of about fix lO 5 ^ atoms per year. A part of 
this flux is reflected in the high Tic concen- 
trations near (lie East Pacific Rise at 2U a S and 
5°N. reflecting inputs from high temperature 
axial vents round along ihc crest of the EPR. 
Tlte s Hc distribution, along with the dynaini- 
<al models of Stonunfl [1982], suggest an axial 
3 He Hux from die EPR of about 0.6 x 10* aL- 
oms per year. Assuming that the heat^Hc ra- 
tio in all axial vents is 7.5 x (O’ 8 cnl per atom 
[Jenkins etal.. 1978], the heat flux for EPR ax- 
ial vents is estimated by Jenkins as 0.5 x 10 ,e 
cal per year. A roughly equal axial flux might 
be expected from the remainder of the mid- 
ocean ridge system, giving a total high tem- 
perature axial heat flux of about l x IQ 19 cal 
per year. The remainder of the 3 He is pre- 
sumably degassed in convection systems on 
the ridge flanks. 

Kathy Crane (Lamotu-Doherly Geological 
Observatory) reported that she had towed 
thermistors over a 400-km segment of the 
Juan de Fuca Ridge, and a 300-km segment 
of the East Pacific Rise. Temperature anoma- 
lies suggested the presence of roughly one 
vent field for each 100-km of ridge length. 
Crane has used a dynamical model to calcu- 
late axial convective heat fluxes from the 
temperature data. A globally extrapolated 
value of 1.5 x 10 iD cal per year is obtained, 
which is close to the upper limit calculated by 
Sleep if ai, [1984] assuming complete crustal 
quenching. 

John Edmond (MIT) discussed hot spring 
chemistry in the three hydrothermal systems 
studied by his group, those at the Galapagos 
^reading Center [Edmond et al., 1979], the 
Pacific Rise at 2 UN, and the sediment- 
covered ridge in the Guaymas Basin. In all • 
^sterns, the discharging waters are depleted 
m Mg++ and SO.*, and highly enriched in 
EH-, K+, and Rb+. Na+ and Cl- concentra- 
tions range between approximately 90-1 10% 
01 the seawater concentrations. H»S concen- 
trations are 4-9 mM. Values for pH and alka- 
ln !i^t-n rc * ow or even negative for Galapagos 
and EPR, but (along with NHs) high in Guay- 
mas owing to reactions with the sediment pri- 
or to. discharge. 

Assuming, for the sake of discussion, that; 
tne axial convective: heai flux is equal to 


Sleep's upper estimate ul' n.*j x 10 n l., 1 per 
year, uue calculates ihat the axial removal 
rate of Mg++ is about 20(1 of the river in- 
put. dial die axial input tales of alkalies are 
cum | mi able to lull of the riser input, and 
that fluxes Tor \'a and Cl are possibly large 
bin of unknown sign. For an axial heat llux 
of 5 x lO 10 cal per year favored by Edmond 
(calculated assuming all ’•He is lost in ridge 
axis veins with the aforementioned 'He/heat 
ratio), the Mg++ and alkali fluxes dominate 
river inputs, whereas fur the axial heal fluxes 
of 0.2 x 10 IU cal per year estimated by Sleep, 
axial fluxes of these constituents are typically 
about 10% of the river value. 

Two approaches were discussed at the sym- 
posium for estimating fluxes associated with 
ridge flank hydrothermal systems. Stanley 
Hart (MIT) outlined chemical changes in the 
top of the oceanic crust indicated by geo- 
chemical studies on basalts front Atlantic 
DSDP holes 417A and 418. Hart showed that 
K, Rb. and Cs concentradons nf recovered 
basalts are far higher than concentrations in 
fresh basalt glasses, indicating uptake from 
solutions convening through the crust on 
ridge flanks at low temperatures. The in- 
creases are so great, and these alkalis are 
strongly depleted in fresh mid-ocean ridge 
basalt, that the net fluxes of these elements 
integrated over all seawater-basalt alteration 
processes must be into the crust, regardless of 
the magnitude of the axial fluxes al which 
these alkalis are released into seawater. Hart 
estimated gross fluxes of K, Rb, and Cs into 
the crust during low temperature weathering 
as 15%, 75%, and 95% or the river fluxes, re- 
spectively. 

Michael Bender (University of Rhode Is- 
land) discussed the composition of discharg- 
ing geothermal solutions of three ridge flank 
hydrothermal systems: the Galapagos 
Mounds Hydrothermal Field (crustal age = 
0.7 m.y.), a Mariana Trough hydrothermal 
system (3 m.y.), and a system on the western 
flank of the East Pacific Rise at 20°S (5 m.y.). 
Hydrothermal solutions at the two older sites 
had alkali and alkaline earth concentrations 
indistinguishable from bottom water values, 
suggesting that these solutions had passed 
through the crust without any substantial 
chemical reaction, perhaps because of low 
temperatures. The implication is lhaL convec- 
tion through crust older than 3 m.y. results 
in heal fluxes but not chemical fluxes. Hart 
summarized his geochronological studies sites 
417A and 418, which also suggested that ba- 
salt .alteration is complete within 5 m.y. [Hart 
and Staiidigtl, 1978; Richardson et ai, 1980]. 

, The hydrothermal solutions discharging at 
the Galapaos Mounds Field are enriched. in 
Ca++ and depleted in Mg++ and F- as a re- 
sult of reaction with basalt [Maris aifd Bender , 
1982; Bender, 1983]. Assuming that tfiese so- 
lutions effectively! discharge at a temperature 
of 27 fl C [Beeker and Von Herzen, 1983], and 
that their elemqiidheat ratios are typidal of all 


ridge (lank cnmeciim. svmciiis ul criiMul ages 
less than 3 m.y., unc can estimate glnhal Ga 
release rates and Mg and F uptake rates ol 
about | IV? of the river fluxes. What is sur- 
prising ala nil Galapagos Mutuals solutions is 
dial the alkali concentrations .lie unchanged 
from button) water values. Waicr/mik reac- 
tions in this system obviously differ from 
those involved in crustal alteration at sites 
417A and 4 18. 

Roger Anderson (Laniont- Doherty) dis- 
cussed heat flow studies of ridge flank hydro- 
thermal systems, as well as thermal modeling 
of these systems. He showed that How 
through sediments can generally be con- 
strained by beat flow ineastt rente, us [Fthn cl 
al, 1983; R. N. Aiulerson and M. Hubari, 
unpublished manuscript]. Studies of conduc- 
tive heal flow, pore pressure, and How in 
DSDP holes all suggest that downwelling 
takes place over most of the seafloor in areas 
of convection, with up welling being restricted 
to narrow zones. 

This result is reproduced by heat flow 
modeling of ridge flank convection systems 
currently being done by David Gartling (San- 
riia Labs, Albuquerque) and Andeison. These 
models trace flow in the crust as a function of 
permeability, topography, and basal heat flow 
as die lithosphere cools and ages. The models 
predict maximum water- rock reaction tem- 
peratures of 150°C to 30°C, and residence 
limes of water in the crust which increase 
from 0.1 to as long as 0.5 m.y., as the crust 
ages from about 3 m.y. to 100 m.y. If these 
value* are correct, the lack of extensive chem- 
ical reactions in water circulating through old 
crust is surprising. 

Don Elthon (University of Houston) sum- 
marized tlte stratigraphy of opluolltcs and the 
way in which their chemistry and mineralogy 
are affected by alteration. In general, the ig- 
neous features of ophiolites include an extru- 
sive basaltic carapace (0 to 1.5 km depth), a 
sheeted dike complex (1.5 to 2.0 km depth), 
and the underlying layer of cumulate gabbros 
and ultramafics. The overprint of hydrother-, 
mal metamorpliism occurs nt temperatures 
ranging from 100°C to 600°C. The extrusive 
bnsallsliave been metamorphosed in the zc» 
Lite and grecnscliisi facies; this process in- 
volves a high water/rock ratio (15-90, Elthon 
et al, [1983]) and is accompanied by n large 
increase in the alkali concentrations [S(mt and 
Elthon, 1979]. The sheeted dike*' unit has 
been metamorphosed in the actinolite and 
grccnsdiUl Facies, but metamorpliism at this 
level in ophiolites is generally characterised . 
by low water/fock ratios and only minor 
meiasomaiic changes in rock chemistry. Su- 
perimposed on this picture are complex ret- 
rograde nieiamorphic features, yriiich occur 
as the crust cools during the aging process. 
While ophiolites clearly record extensive ex- 
change with seawater, Elthon expressed the 
view that the'metamorphic overprint on 
ophiolite geochemistry ia not well enough un- 


derstood at the present in oust t ain liviiu- 
(I 1 er 1 n. 1 l fluxes i|iiaitiit;uiveh. 

The divcr.xin uiTcipics discussed in the 
svirqxisium illusuates the wide range 1 -f in- 
formal ion needed (■■ 11 ink- island ,„id cun- 
st l ain liydroiheuiiid fluxes. The Lonipmicm 
studies have generally l»een very mic. less fill ill 
extending our undent nuditi# uf the systems 
which have been studied. The great current 
challenge is to develop a mctliodolugy fur us- 
ing the results of detailed regional studies to 
constrain global heat, water, and clieiuic.il 
fluxes associated with deep sea liydrothcinui 
processes. 
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duces infill Kit ti m and uuscs runolf to be 
greater than dial of an him lea red slope. This 
runoff enhancement caused by a decrease in 
permeability, known js "water harvest ing" or 
"milking die hillside." obviously was under- 
stood by those w ho managed laud ami water 
in the ancient Negev. They cutild harvest 
pci haps not more than a bout 25*7 of the sea- 
sonal rami all. Modern technology can in- 
crease this percentage )>v sealing, waterproof- 
ing. and stabilising the soil cover. This source 
can be significant iT one considers dim 100 
min of ruin on just I km” enu produce 
100,000 m* (nearly 30 million gallons) of 
high-r|ualily water. 

This book is highly recommended to diose 
readers who are interested in, or concerned 
with, deserts, people, or water. Fascination 
with the desert often borders on mysticism 
for those who know and love it. Terhaps our 
spiritual origins are in the desert in the same 
sense that our physical origins are in the sea. 
Time spent in the desert may represent a re- 
turn hi spiritual beginnings, rejuvenating the 
soul in much the same manner that lime 
spent at the sea. the focus of our physical ori- 
gins, rejuvenates the mind and body. One ba- 
sic philicnphy of the author is expressed in 
these few words on die last page: "Let us re- 
spect. and love the desert, and seek in live 
with it. not tr|)£ or despoil it." 

lVittianj Hack is with the U.S. Geological Sur- 
irv. Res ton. l f A 22092. 
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Announcement 

New talcs for classified advertising effec- 
tive January 1, 1984: 

RATES PER LINE 

Position! Available, Sinieu, SupplUt, G*<m 
and AmmaammUi first Insertion *5.00, ad- 
ditional insertions S4.25. . 

Puitlonl Wanted: first insertion 52.00. addition- 
allnscriions $1.50. ... 

Student Opportunities: first insertion free, addi- 
tional insertions $2-00. 

There arc no discounts or commissions on 
classified ads. Any type style that is not publish- 
er's choice Is charged at general advertising 
rates. Eoi is published weekly on Tuesday. Ads, 
must be received in writing by Monday, I week 
prior 10 the date of publication. 

Replies to ads with bos numbers should be 
addressed lo Box _, American Geophysical 
Union. 2000 Florida Avenue, N.W.. Washing- 
ton. DC 20009. 

For more information, call 202-462-6903 or 
toll-free 800-424-2488. 


POSITIONS AVAILABLE 

Faculty Posllloni/Unlvcrslly or Massachusetts. 

The University of Massachusetts at Boston seeks 
two tenure track faculty iur new positions in Sep- 
tember 1984 in a new doctoral program in Environ- 
mental Science. Successful candidates will provide 
evidence that they will conduct significant research 
programs. participate effectively in graduate educa- 
tion. and interact wills other faculty in program dc- 
vclunmcm and in iimhidiscipllnary research that 
emphasizes, hut need not he limited to, whan har- 
hois. Doctorate required, postdoctoral experience 
desirable. The appointments arc expected to be at 
the Assistant Professor level, but applications from 
seniur investigators will be considered. PHYSICAL 
OCEANOGRAPHER to develop graduate courses 
and a research program that will include studies of 
Boston harbor. Research interests should be in 
coastul/cstnarine dynamics, and/or sediment trans- 
port processes. ENVIRONMENTAL POLICY AND 
LAW': To develop a core ratine and oilier courses, 
and a research urogram in lcgal/policy aspects of 
environ mental legislation, regulation and enforce- 
ment. There are extensive uupurtnnitics for tollabci- 
ralion with the John \V. McCormack, Institute of 
Public Alfaits located on campus and a joint ap- 
pointment in die Political Science department is 
nossilile. Nniiilnatinns or applications to Chair, 
Search Committee, Environmental Scieme, UMA5S 
Boston. Boston. MA 02125. The positions arc sub- 
ject to the avdilahiliw of funds. Applications re- 
ceived by April 0. 1984. will be assured or consider- 
ation. 

An equal opparluniiy/anirmaiiir action employ- 


Postdoctoral Research Fellow In Isotope Geology/ 
University of Leeds, U-K. Application! are invit- 
ed for a post of Postdoctoral Research Follow avail- 
able immediately for a fixed term of 18 months. 
Applicants should have experience in radiogenic 
iiutupc geology and preferable research interests in 
igneous geochemistry. The suceessful candidate will 
be expected to initiate research projects, collaborate 
on current research and assist in the training of re- 
search students in the isotope geology laboratories. 

Salary within the range £7 1 90 -£10250 on the I A 
Range lor Research ana Analogous Staff (£7190- 
£1 1015) according lo age, qualifications and experi- 
ence. 

Informal enquiries may be made to Professor 
Briden, Department of Earth Sciences, The Univer- 
sity of Ixedd 

Application forms and further particulars may he 
obtained from the Registrar, Tire University, Leeds 
L52 9JT, Yorkshire. United Kingdom, quoting ref- 
?rence^numbeM9/27. Closing date for applications 

Applicants From overseas may apply by telegram 
or telex (556473 UNILDS G) in the first instance. 

University of Ariiona/Reuarch Associate. Aupli- 
caiioni are invited for two possible positions as re- 
search associate in theoretical plasma astrophysics, 
solar physics and/or cosmic-ray astrophysics. 

The successful applicant for the first of the posi- 
tions will be expected to devote a substantial part of 
his or her research to problems in solar or inter- 
planetary phvsici. This position can be filled as ear- 
ly « Spring 1984 and applications should be re- 
ceived by April SO, 1984. 

The tecond position involves research on cosmic 
raw and their interactions, in the solar wind or else- 
where. Thu position can be filled in Fall 1984, and 

xnnlirxtinnt (hniilrt Ka uniiiul t... Dl , nn ■ 
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Applkants should send a resume, complete bibli- ft 
ography. anti arrange for at least three Icticn of *r “ 
recumittcndation front t persons who arc wdl-ac- 
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Statlsticlan/Waler Resource Research, f n» i Ib iU 
opportunity with Wyoming VhUr Ri-v;.in U I fiiu-i 
andDepartnicitt of Swiutus Jtlliv Uiiimulj ..I 
Wyoming, to perform statistic ahuailu - 111 . 11 u-d ‘j • 
search, coruuftin parametric aiul stmluMi* hjilndu- 
gy, interact with state agencies, ami »«• lj hmuj *1 
classes, Including guidance of graduate Muih nl u - 
search. Requires a Ph-D. with tlcnioi.Mr.ue.l is- 
search ability in applied statistics, |imhahihi> w*M- 
ine and stochastic processes rclatctl In water |ircth- 
lents. Mathematical and computer annlu.uumv tv.. 
simulation and programming, as well as prmr mu- 
suiting are also preferred. Tills lenuie traik |h»m- 
tion provides rank and salary cmumemmjie with 
experience. Our location in the Medicine Ihiw 
Range or the Rocky Mounlains offers aUincLml m ■ 
rfauonal oppuriumiies. Write Di. I-whi 
D epanmcni of Siatisiici, Univcnity cil WymiiuftK. 
Laramie, Wyoming 82071. 

An equal opportunity/affirmatlvc .uimii nn|Huv- 
cr. 

Howard Univenlty/Graduatc Faculty Position. 

The Department of Geology/Gcogi apliv inviln 
applications for a tenure track position hi gnu hrin- 
iitry at rank of Graduate Associate Prcdescnr lu-gin- 
ning August 1984. Position involves clc velum item ul 
graduate research program at Master’s level. Site- 
ctilizallon in environmental gcoc hcntisl ry/ge< k. ii m- 
nology/isotope geology desired. Send letter of appli- 
cation, resume and names of three rcfctcmcs to: 

Dr. David Schwarizman, Department of Geology/ 
^xi^aphy, Howard University. Washington. Dt. 

Research Position In Space Plaama and Auroral 
Physics. Two research positions at the level of as- 
sistant or associate research scientists are available in 
die Department of Piiysia & Astronomy at the Uni- 
versity of Iowa for qualified candidates with .1 Pli.l>. 
degree attd experience in space plasmas and/or au- 
roral physics. Present research in space plasma 
physics emphasizes analysis and interpretation oi 
observations of coagnciospheric plasmas using in- 
strumentation on board earth-orbiting spacer rail in 
the IMP and ISEE Missions. The University of Io- 
wa's global imaging instrumentation on the s|kkc- 
craft Dynamics Explorer I is the source of an exten- 
sive data base of auroral images from high altitudes 
at visible and ultraviolet wavelengths. I'liommciiiL- 
obacrvaiioiu are alio available for other areas td te- 
searth including the physics of the upper atmo- 
sphere and the global distribution of alittos|i]teri< 
ozone. The applicant should identify mid dost rilu- 
areas of his or her expertise which can support ex- 
perimental or theoretical investigations in spue 
plasma physics and/or auroral physics. Salary .uni 
position will be determined by the applicant's quali- 
fications and experience. 

A resume and the names of three persons knowl- 
edgeable or applicant's experience should he for- 
warded to: L A. Frank, Dcpanmem of Physics & 
Astronomy, University of Iowa, Van Allen Hall, 

Iowa City,* Iowa 52242. 

The University of Iowa is an alTiriiialive admit/ 
equal opportunity employer. 

Staff Opportunity: Geophysical Uboratory/Came- 
gie Institution of Washington. Privately-en- 
dowed, basic-research .nut educational (irgtiiiiMiion 
seeks outstanding scientist with luoari uileu-M itt <le- 
veloping the principles of Element Concentration. 

Applicant’s background especially should Include 
experimental experience involving a wide range ul 

C ressures and temperatures, theory of iii;i>% and 
Ml transport, and field aspects of ore tlc|xisi(*. Fa- 
miltanty with stable-isotope research desirable. Cie- 
alive and innovative qualities essential. 

Successful applicant will be appointed Earth Si I- 
ences Research Scholar fur a period nut in «-x< ml 
three years. After demonstration of lc.uli-r\hip .uid 
excellence in research, the Scholar will be eligible 
a regular suff position. Modest lit tub are avail- 
able for technical support of the Scholar'* work. 

Applications now being accepted by the IMnxmr, 
Geophysical Laboratory, 280 1 Upton Street, N.W.. 
Washington, D.C. 20008. Submit J-5 pugc suiiniu- 

S ol proposed research program, cut riciilinn vitae, 
ree tellers of rcconntienthuion ft out pwesotts « Ito- 
sen by applicant, and completed Application Foi m 
rr , 0 n r S- Excc 1 l '“ vc hffl' Starting time is 
1 July 1984 and is negotiable. 

1 he Carnegie Institution or Wnsbingitm is an 
equal opportunity and affirmative union employci . 

Research Associate, The Cooperative lii>iimu< 
for Research in Envtrontncmul Stlcmex (Cl RES), 
Unlv^ y t tf Colorat lo. BouMcr. (Mot«lo n ailvrr- 
? ? we ? rch Associate position, me Mnl* 
i“” “ “ ro,hw l T “ tinumlmii will 
S ° r , « >cain oi it ieti- 

iists in CIRESand NOAA involved in the deveton- 

forrocket fl'iiK^ ° f lK0 UV *P^ clrorH,Ji " ,llLI '’ rs 
•nL-.ii - !r‘ oflltc solar UV 

spectral ir radiance . This research is pari of a pin. 

P^, , ai d .* er T 1 ? lhc “mporal variations nr solar 
UV radiation, their stratospheric cffccis and u»l 
S e * Tecu “i climate. The incumbent will .ifflei- 

fficn^d, U Uv n ' l ° P rne “. urcrnenI » with iL long. 

^psonnadiomcier to obtain dircci 
m^^ pan50n ! at L ' V wave lcntrths with the 
mnn.. t?,n ,'v. 0p ” lar ,?P catal ''■rauiancc mcalurc- 
. ST **“. "“C U V, visible and Infrared in col- 
aboration with the Umicrsity of Arizona. The in. 

■ ihe " r 

“SwsWiSssas 


Thco TCljcsl Astrophysici st the University 0 r Art- 
foipnlhJrif H niVCrs,l > of .Arizona is initiating an 
L. SlW".- ry P, m 8 ram ln iheorctical astrciphvs- 
ks. Pariicinating ilcp,iriinciiu include Astronomy 
Pltvstcs and Plsiwlary Sciences. We interpret Hico- 
wikftl auropliysKs htpatllj. and Brtras o^inrercsi 
range from theoretical planetary physic* i 0 co«moln 

saasf * was?* 

FM”’ Appointments will feta 

=?raitffrjs5S35Err 

pending on i mialfftcauons. Appointees Uldso fo. 

s^ ri ° r z c ™»‘" 

: Mbli«r.ph r , JSS 


SSSST” ror ™ clc| - fll 8 hl Snd 

^ssrjsisft BBT" are ■ 

be hjghfo deilnbL Th? SSS* * res eartft would . 


POSTDOCTORAL 

APPOINTMENT 

IN ANALYTICAL, 
SKPARATION OR 
RADIOCHKMISTRY 

The |snto|H. a ( itfiMlRTiuxir) group of ihe 
1 . 1 is A Lit nos N.iliititiil l iiln tr.ll> try is seek- 
ing c'iint lit I. tit’s Ittr it (xistili Moral appoini- 
ntcTtl in an.il)tic;il. squrnlii'n or radio- 
clttiinisiiy. 

\ his smU uwUkU: pankipa- 

tinn m a sol.tr mrulritin experiment 
IScionctf 216, .SI ( 1982) | with involve- 
ment in sc'p.irntion ,un! jittrillcalitin of 
ir.tL’c i|iumtitics t it tcchiictitim from large 
i|ii;iiili(ics «>1 ntolylHic'iiilc lixpcricncc in 
wci dtcmic;il sc|t.tr.tiion is rct|uired. 

The ljilMir.ilor\. nneofthc nulion’s fore- 
most scientific re score It tirg.mi/ulinns, is 
o[ter.i[etl by the 1 Jnixeisity of Califuntia 
for ihe I* S 1 )cp;irlmcnl of linergy. Our 
loeitlion in Ihe nioitnuiris of nnrlhem 
New Mexico niters tut unerowdetl life- 
style with ample recreational activities. 
Our |X)siiloctoral appointments are for 
one year, renewable lor a second year 
and pay a stipend amount of $26,200 to 
S27.WK) per annum. We provide em- 
ployee benefits, including inconting trav- 
el and moving expenses Candidates no 
m«>re tluin three years past their Ph.D. are 
invited to apply U.S. Citizenship is re- 
t|uiretl. 

Send your resume in confidence to: 

Madeline Lucas DIVH4-AT 
Personnel Set vices 1 )i vision 
L.os Alamos National Laboratory 
Los Alamos. New Mexico 87545 


To^ 3 n 7* Qn experience. "^ ,uuu - 

Jloni. In P^blka- 

«*ra of recommendalonfroS! '5 1 ‘ ■ 


lin.,nvtr 

a< Caiawni. 




V: ■\mnnslhf •\ t |t..n/f.iuslH|»f rt“»H> 

Uccati Turhulrnrr/Orvgiin Mslr University. H j 
to in Hiudviiig tin Indi'in i- in i*«iimHumI n.tliili A 
m 'Mill kidi.i 1 1 „ iMiimi is asailablr at « >n-gmi Mate 
Ibtivi-isiiv in a imi|rii i-m nli-.l "liirlMikitl 1™“' 

[•Oils in IktllTt III ■At” I lit' MU I rsslul •||'M l ' <a r ltt 
will assiniH-a iii.qm sb.m-'d tlf i ••s|»«Mi^ir>«li | y 
di’iiliis iiii-nt ul \i-iina1 iinitiliim t''iiiiiii«toiiCiiie l 
iiiMiiiiiH-uis mi tlu- lust IKOl'Tt: I If A I iniwjn 
Nou-hiIm-i | ( in I .mil iIk-ii will sban- o-| , !’ l !' l J" 1 ' 
lot wirniilii .m.ib sis <il i|h- il.tl.i obtained- in? 
sl.il ling il.iir Is hi mtiii.ilh I August P | "b | .'“‘ I ? 
miiik-u-Imi iirg< iti.il ilc St.n i my, xalait n ISw"™ • 
y vails A)qiliv .nils must hast- a 1‘h-ti- lit tlif pl'l 
wii nu’s in nigitHTiiitg anil must b'* 
lot iiiitiu Iii(1i-|«-im1i'«ii i i scan It on "J9 n, !F, VLi/li i 
km e. Aiiiilii .limns nitisi In' in rivtil b) - ,l 
IHHI 1.^ r 

Douglas R. tUtklwHI 
1 4i||i-gc- nl t )i raiwgi itphtr I 

On-unii Stair Univiixiiy : 

t:«.isailis, nK'.»7.i:»l. , 

t hi'gim Stan- 1 liiivi'tsii) Is ati ailitzwnwj « 
rqual oiqii u tut lily rmiilnyrr mwl ••'"‘jJH w 
Knit An-l nl Mu- Krliiilmllalioii Ail *>l ‘ 

Lucidly IWtium llytloiluay nutl Water R**^ 1 *^ ; 

Eiiglnrrrlng/Utilvrrxlly nf Mluncaota. A| I # i 

ihnts arr iuvin-il lot ,t trtuiir na«k I.KUl ty F ; 

lit Euglnmitig 1 Iviliolngy lit ilu* l , Vl>:uinu’i 
Civil ami MitH-i.d l- iigitu ri iug Marling lo Jg 
lolii. A I1t.ll. .mil slHHig iuinrsl lit fl'wnl 
Mil Ion- wain Iniliolug) ,trr t ntim rcL W 

•dh- tit srvri.il nl tbr ftillowhig IjfW* '* a ~ ^tigitt, 
intitiil: liytl, nnlii ruuiiimiiig, fluid 

fiHiiiNitn sriiiu rs, :ip] ilk'll mullttii»t»> ® jj^red; 
mrili.inii s. Kniiy Irsrl .tinillt ;mh will u 
rxjrerirutr Is tint ,t in|iliiVtiKiit< ^dtr- 

(HUidiilalr is rxitrc tnl to lr,n It and do cl P , 
gi.ulvt.rtc ami uoubratc tnufius In ny ,,r J'JP8» ^ 
wain test mi res riigininhiu, ;'»« l'» chiuik 
. search at the St. Anthony Alb . 

wry. T Ire inisilion will lx- filled ■! o>c Aw 
Assoc imr Professor k-vH. Salary i* , l0 » • 
il»r will join u gmiin stningly cnnimiljcu ^ . 
scat cli. Ability in [lrvrki|i a research ftc- 

to imor.it t with the water rcsnurcM cm ^ ,• 
rally will Ire cxtretU'd. Applktuil* gii*f 

resume, a stutemeut ol leaching anu reitw ^ . 
csts untl/«ir cxirerience. and arrange v pwjftiW* , 
three Icilcrs t»r recoinmcntlaiion sent w- p^U . 
H.G. .Stefan. Associate Director, Si- Am ! 
Hydraulic lotboniiiiry, 3rd Avenue 
sippi River, Mimreapulis, MN 55414. DeodJmcr ; 
simniissinn is May 15, 1084. . .,,.1 onpofl^ • 

The University of Minnesota J* snog., j- ■ 
nity cdutuior anti emiilnyer and sperms 
and encourages applications from women 


seeking candidates for a position as RW^-,j r bwl .. 
ant Professor, but application* a L?;2m»*irW*®5 
will be considered. Preference will be (P* 

• dtdale who has research bile real* ® nured"' 


and geophysics and who will 
• eventually be funded (lirougn *elf^" e ,^ibjf ; 


DIrectqr , C ires P- Slevcrs,., 

dor tfctafe jv 


; . be limited grid at lhc graduate teni^ry jjne'rt*i 
. adon. send a resume, a brtef 
’ search Interest*, and four totted of 
May 1084 to: , . . . 

Professor Brian T-f . 


" • TV ' i- 
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University of New Me* ico/Paleo magnetism. The 
Department of Geology of The University or New 
Mexico invites applications for a tenure track full- 
time position as an Assistant Professor with a spe- 
cialty in palcomagnetisni beginning Kali 1984. The 
successful candidate will be expected to maintain an 
active rcsearh program and teach at the undergrad- 
uate and graduate level. The Department lias six- 
teen full-umc faculty, is located in a spectacular nat- 
ural setting and has excellent analytical facilities. 

Applicants should submit a resume, transcripts, 
and three letters of recommendation to R. Ewing. 
Department of Geology. Albuquerque, New Mexico 
87 131. The deadline lor applications is April 10, 
1984. V 

The University of New Mexico is an equal oppor- 
tu nit y/affir motive action institution. 

Faculty Position at Scrlpps Institution of Oceanoe- 
raphy/Initllute of Geophysics and Planetary Phys- 
ics. Applications arc invited for a tenure track 
faculty pusitan itt the broad field of fluid dynamics 
which includes. Tor example, oceanography, both 
theoretical and observatkinal. mmicncai modeling 
of fluids, and the dynamics of the earth’s core. Tnis 
appointment, as is tire case fur all other faculty 
positons at IGPP, will be made jointly with the 
teaching department nf Scripps or another depart- 
ment at die University of California, San Diego. 
Qualifications include a Ph.D. in one of the sciences 
(including engineering), demonstrated competence 
in original research (presumably through publica- 
tion in refereed journals), and fn leaching at both 
the undergraduate and graduate level, which ill- 


individual's qualifications. Please send applications 
and nominations to: 

Professor Freeman Gilbert 
University of California. San Diego 
Institute of Geophysics L- Planetary Physics 

La Jolla. CA 92093. 

Responses must he received by April 20. 1984. 
The University of California is an affirmative ac- 
liott/equal opportunity employer. 

Physicist. The National Oceanic 3ttd Atmospher- 
ic Administration (NOAA) announces a Physicist, 
GS- 1 3, vacancy in the Environmental Research Lab- 


ducung research on die physics of the solar corona 
as related to the emission of matter and radiation 
which result in disturbances in the near-earth envi- 
ronment. Demonstrated achievement in basic astro- 
physical research is required. For further informa- 
tion and application procedures, please call Mary 
Piumlcy, NOAA Personnel at (303) 497-3102. Ap- 
plications must be received by March 30, 1984, to be 
considered. 

An equal opportunity employer. 

Fatuity Poiltlon/Florida Atlantic University. Tire 
Physics Department is soliciting applications for an 
experimental physicist in a tenure line position at 
the Assistant Professor level beginning August, 

Candidates must have a I'h.D. dcgice and luve 
deinonsi rated a commitment to research mid teach- 
ing. Preference will be given to ..and » hies with 
experience in cx|ici internal atmosjilu rk physics, up- 
tics, or solid statu physics. 

Salary is negotiable Deadline lor applications— 
April 1, 1984. Contact Dr. Bjorn LamUirn. Chair- 
man, Department of Physics, Florida Atlantic Uni- 
versity. Boca Raton, FL 33431, Td |305) S93-3SNI. 

. Florida Atlantic University is an affirmative a<-- 
rion/equal opportunity employer. 


Planetary Gcplogist/Geophyiiciati Jet Propulsion 
Laboratory, Earth & Space Sciences Division. T he 
n,, " e, . J .ry ; ll Y ^ccinugraiihy Section anticipates the 
avaiuiMiar ql one ur two fulltime, staff scientist re- 
search positions in the areas of planetars Rtolnev 
and ge-ML.li) sics. The rank of appointment is upon, 
but applicants should be hevuiul the pusK loci oral 
icvcJ "ii n a ue i hi » tisi railed record of expertise nnd 
aLCoin|>lishnienis in indcpumleni research arid puli- 
hcuiinn. We welcome applicants with interest in 
structural geology and gcophvsics as applied m the 
study of oilid-body planets and natural satellites 
with emphasis on determining surface- iimpcriics 
and processes on planetary objects using ground- 
a[ jd spacecraft remote sensing data and appli- 
cable theoretical and experimental techniques. Ap- 
plicants should send letter uuilining their experi- 
ence. professional goals, resume, and copies of 
pertinent publications to: Dr. William R Ward. 
Manager, Planetology and Oceanography Section, 

Jet Propulsion Laboratory, 4BliO Oak Grove Drive, 
Dent. L34. Mail Stop 249-104. Pasadena. GA 91109. 

An equal opportunity employer m/f. 

Postdoctoral Posltion/Dalhouile University. A 
two-year position in the Oceanography Department 
is available for a person interested in marine geo- 
physics. Specific work involves participation in heat 
flow studies across the margins of eastern Canada 
but broader opportunities also exist for self-motivat- 
ed projects within the University or at Bedford In- 
stitute of Oceanography- A Ph.D. in geophysics and 
desire to work 1-2 mos/yr at sea arc required. Expe- 
rience with heat flow helpful but not essential. Send 
C.V. and names of two references to; Dr. K. E. 
Louden, Dept, of Oceanography. Dalhousie Univer- 
sity. Halifax, NS, Canada, B3H 4J1. 

Clay Mineralogy/University of Illinois at Urbina- 
Champaign. The Department of Geology invites 
applicants for a tenure-track faculty position in clay 
mineralogy. We arc seeking candidates who hare 
clearly demonstrated the potential to be outstanding 
researchers in the general areas of mineralogy, crys- 
tallography and chemistry of clay minerals, iri the’ 
origin, diagcncsis, and tneiamnrphism of argilla- 
ceous sediments and whose future research will 
complement our existing programs in the petrology 
and diagcncsis of sediments, experimental studies of 
compaction and of kinetics of burial diagcncsis, be- 
havior of cby minerals during deformation, petro- 
leum geology, and stable isotope geochemistry. In 
addition to the development of a strong research 
program, the successful candidate is expected to 
participate in all aspects of teaching and advising at 
the graduate and utidet^raduaic levels. 

The Department of Geology houses a variety of 
facilities for clay mineralogy research, including x- 
ray diffraction find fluorescence units, an atomic ab- 
sorption spectrophotometer, two NMR spectrom- 
eters, an isotone-raiio mass spectrometer, and elec- 
tron microprobcs. Numerous other analytical sen- 
ices are available on campus, particularly at the Ma- 
terials Research Laboratory where there is equip- 
ment for Augei electron spectrometry, x-ray pnoto- 
electron spectrometry, scanning electron 
microscopy, transmission electron microscopy, and 
ion microprobe studies. 

This position is available immediately. PhD. is re- 
quired. Rank and salary will be commensurate with 
experience and qualifications. For equal coniidcr- 
ulioti, please submit a Idler of application that in- 
cludes a statement of current and future research 
interests as well as a curriculum vitae, bibliography 
ami the names of at Ica'i 3 references willing to 
comment on your i pi ali ft cal ions mid promise b> 
April 1, 1984' to Dr. Albert V. C'nio/zi, Chaiimmi. 
Search Committee, Department of Geology. 245 
Natural History Building. 1301 W. Green Street. 
Urbana. IL, 61801. Phone: 217/333-3008 

The L'nixcisilv of lUiitmx is an equal- ippoTnnnn' 
affirmative action employer. 


High Pressure 
Physicist/ 

Rock Mechanicist 

The Lawrence Livermore National Laboratory Is an R&D 
facility operated by the University of California for the 
U.S. Department of Energy. Located in the San Francisco 
East Bay Area, the Lab's primary task is the design of 
nuclear weapons and large scale atomic energy research 
for military and non-military applications. 

Currently, the Earth Sciences Department at LLNLhas 
an opening fora Physicist, Geophysicist or Mechanical 
Engineer experienced In measuring permeability and 
stress-strain behavior of rock materials at high pressure. 
This position will provide SLipport to various Laboratory 
programs and will require close technical interaction with 
other scientists working in continuum code calculations, 
solid-earth geophysics and rock mechanics. 

For this position, we require an Individual with a PhD or 
equivalent work experience, plus experience in transport 
property measurement at high pressure. 

Lawrence Livermore National Laboratory offers compet- 
itive salaries, a liberal benefits program Including health, 
dental, broadbased retirement, and up to 20% tax deferred 
annuity programs. 

To apply for this position, please send your resume, In 
confidence, to; Art Wong, Professional Employment. 
Division, Lawrence Livermore National Laboratory, P.O. 
Box 5510, Dept. KES-034, Livermore, California 94550. 

U.S. citizenship Is required. 

An equal opportunity employer m/f/h/v. 


ilifornia 


Live 


RESEARCH ASSOCIATE IN 
COMPUTING AND ELECTRONIC 
INSTRUMENTATION 


Responsibilities and Qualifications; 

Develop and maintain computer and electronic hardware and software for 
the laboratories of the Department of Geology. Design and service elec- 
tronic gear, In Interface computers with other Instruments, keep-up with 
changes In solid slate science. BS/MS In Electrical Engineering, Computer 
Science, Solid State Science or equivalent. 

Salary: 

$36,000 to $45,000 depending on qualifications, prior experience, and 
potential for development with the Department's teaching/research pro- 
grams. 

Date Available: 

Open immediately. Will accept resumes including names of three refer- 
ences who can meaningfully comment on the applicant’s abilities, through 
April 30, 1984 or until suitable candidate Is found. Forward tor 

Employment Manager 
Personnel Department 
Texas A&M University 
YMCA Building 
College Station, TX 77843. 

Information about the position: 

Dr. M. C. Gilbert 
409-845-2464 

An Equal Opportunity Employer. 


Geophyalcist/lfniversity of Minnesota, l ire De- 
partment of Geology & Gen physics invites applica- 
tions for a tenure track position in solicl-c.iTih gen- 
plivsiis Ireginning fall 1984- We seek a I'h.D. ami 
preferably mine puM doctoral experience. The field 
of interest is ■•im.-ii but includes, fur example, crjvi- 
iv'iiiagnciks. global and regional tectonics unit the 
plnskal stale >4 tire crust and mantle. 

ffrcsciit research piugr.tiits in geophysics intitule 
geomagnetism and |<ulenin.igiieiism. mineral physics 
at high pressures, and crustal seismology. Wc also 
enmli, ni/i- tire iiitrroiiitiecicdiicss of geophysics 
with tire iii-lii nisc strong programs in auqiiecuis and 
hranpit geochemistry, tectonics, ami limnology 

Please submit a letter of application and attach a 
curriculum vitae, statement of research and teach- 
ing interests, a list of publications and the names of 
three t»» h\e rvfoiviM.v«U March IT. \MM n». Sabir 
Buncnre. Department of Geology and Gcophyskl, 
310 Pfilsbuiv Drive, S.E., University of Minnesota. 
Minneapolis, MN 35433. 

The university nl Minnesota is an equal employ- 
ment oppot liiniiy/alfirnmtis-e action employer and 
encourages applications from qualified women and 
minorities. 

University of Rochestcr/Postdoctoral Position In 
Low Temperature Geochemistry. The Depari- 
menl or Geological Sciences has a postdoctoral posi- 
tion for research on low-level, naturally occurring 
radioisotopes (Bc-10, CI-36, 1-129, etc.). The re- 
search involves the reparation of trace amounts or 
there elements with emphasis on the measurement 
of 1-129 in a variety of materials to evaluate its po- 
tential as a tracer for fluid movements- Measure- 
ments will be carried out on the University’s tandem 
accelerator. 

The position is available immediately and is ini- 
tially for one year with a possible one year exten- 
sion. Send applications with resume nnd addresses 
of three referees to: 

Dr. Udo Fehn 

Department of Geological Sciences 
University of Rochester 
Rochester, NY 14627. 

The University of Rochester is an equal opportu- 
nliy/affirmative action employer. 


Air Force Geophysics Laboratory Geophyilcs 
Scholar Program (1984-1985). The Air Force 
Geophysics Laboratory (AFGL) and The Southeast- 
ern Crater for Electrical Engineering Education 
(SCEEE) announce that applications arc invited for 
research appointments during the 1984-1985 year 
in the Geophysics Scholar Program. This program 
provides research opportunities of 10 to 12 months 
miration for selected Engineers and Scientists to 
perform research in residence at the AFGL, Hans- 
com AFB, near Boston, Massachusetts. Scholars will 


Faculty Po sill on/UCLA. The Department of 
Earth and Npace Sciences, UCLA, seeks applications 
for a regular faculty posit ion in the area of suri- 
imcniolriEv. sedimentary petrology, basin analysis, 
stratigraphy, mnl regional geology. A lit D. «r 
equivalent is ro|itiicil. There is no reitiktioii as to 
cite level. Duties will include under gi ad mi c and 
graduate teaching, supervision of theses anil disser- 
tations. and development of a research pi "gram in 
the area of speciali/atiotl. Field-based cvpciiencc 
will be taken into consideration, The situ a 011111 ■•'tit 
will begin not latet than January I. lyfri, and 1 n. 1 v 
begin as soon as |ulv I. IffM-l. It will Ire liill-tnnv. 
nine-mot it h, tenure or tenure lt.uk. Send resume 
to: Dr. William M. Kaitlu. Chairman, Department ol 
Earth and Space Sciences. University of trtli forma. 
405 Hifuanf Avenue. [ ni Angeles. CA Jl/1024. 

LCl.A !•> .itt Mbt mavis e -M.tivivv>jvial opportunity 
employe). 

CoamochcRiialry Faculty Posit Ion/ University of 
Art rona. The Department ul Planetary Sciences 
and the Lunar and PUtictarv Laboratory invite ap- 

S lirations fora stale funded, tenure track position 
1 Cosmoclieimstn. The area ol specialization with- 
in Cosmoclieminrs is upen. The appointment in- 
volves research, teaching, ami the supervision of 
graduate students. The successful candidate will be 
cither at a junior level with extraordinary promise 
of scientific accomplishment, as well as the potential 
for developing substantial leadership capabilities 
and an international scientific reputation, or will be 
at a senior level having already demon si rated these 
qualities. The position is available as early as August 
1984 if a suitable candidate can be identified. Appli- 
cations will be accepted at least unlit May 15, 198-f, 
or until acceptable candidates are identified. Appli- 
cations, including a resume and the names and ad- 
dresses of four individuals who could serve as refer- 
ences, should be sent to: Professor Eugene H. Levy, 
Head. Department of Planetary Sciences, University 
of Arizona, Tucson. AZ 8372 1 . 

The University is an equal oppori unit y/affir ma- 
uve action employer. 



Computers, and Engineering. 

To be eligible, candidates must have a Ph.D. or 
equivalent experience in an appropriate technical 
field. Some appointments maybe confirmed prior 
to August 1984 so early applications arc encour- 
aged. Alt qualified applicants will receive consider- 
ation without regard to race, color, religion, sex. or 
national origin. Application Deadline for September 
Appointments: August 1 , VQ84. For further infor- 
mation and application forms contact: SCEEE, 1 101 
Massachusetts Avenue, St. Cloud, FL 32759 Tele- 
phone: (303) 892-8146. 

SCEEE supports Equal Opportu nlty/Aflirmalive 
Action. 

Postdoctoral PoalHon/Atmoipheric Chemistry. 

A postdoctoral pod don is available for a person 
with a Ph.D. degree in chemistry (prcferrably ana- 
lytical or physical) or micrometcoralogy. The posi- 
tion involves the measurement of atmospheric acid- 
ity and the dry deposition of trace gaies from tow- 
ers and aircraft, lew success fill applicant will be 
. expected 10 travel 10 a variety or field sites and to 
perform chemical analyse* using ion chromatogra- 
phy, A facility with computer programming, tfie 
fabrication of research equipment, and careful 
chemical comamina lion-control would all be useful. 

This Is a two-year full-Lime position, with an an- 
nual fcalary of $15,000 during the first year, lo begin 
in the summer of 1984. Interested 'persona should . . 
send q resume, names and phone numbers or three 
references, a statement of research interests, and 
any reprints to Barry HueberL Department of 
Chemistry, Colorado College, Colorado Springs, CO 
80903. 

Colorado College is an equal opportunity employ- 
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INSTRUCTOR/ 

ASSISTANT 

PROFESSOR 

GEOLOGY- 

GEOGRAPHY 

The Department of Geology-Geography 
invites applications for a one year teach- 
ing position to replace a professor en- 
gaged in full time research. MS required; 
PhD preferred. Salary is commensurate 
with experience and credentials. Position 
starts September 1984. Teaching of in- 
troductory and upper division courses 
expected. Weber State College is a four 
year undergraduate institution located in 
Ogden, Utah. The Department has five 
geology faculty and sixtyfive majors. Ap- 
plication deadline: May 1, 1984. Send 
vita, transcripts and three letters of rec- 
ommendation to: Dr. Wayne L Wahl- 
quist, do Personnel Department- 1016, 
Weber State College, Ogden, Utah 
84408. 

V'SC is iih Equal OpptrtanitylAJfirma- 
litt Adieu Employer ml/ 


POSITIONS WANTED 

Schtnologltt. I’li.D. early I'.iHI seeking research nr 
tc.iihiiig position- Expel it-nn- intitules icllcsiuin 

on mcgdieis, i i-frartfou mini iling, triiscil 
sun I ics ill cniilinrnt^l sK-lmnulfon, 
mil rtKtf Tllui'i-it-L' survey s. intimate knowledge nl 
uimpiiicrs iik hiding VAX-1 BM VMS and t.lVM ol 
mu riK i minuter. Box 0'20. American (k-uuhysiial 
Unit hi, Stl till Horiil.i Awniic, N.W.. Washington, 
DC. ‘JOWW. 


STUDENT OPPORTUNITIES 

Opportunity for Graduate Study In Igneous Patrol- 
ogy/Isolopc Geochemistry — Southern Methodist 
University i fill- l)cp.sririicnluf Ckroliigu si Sciences 
at Smitlieni Metliudiil Uiiitci'ity- in Dji1.ii. Tcx.is 
seeks out Mil n ding iutlivUliijIi intctcstrtl in u PhD 
program in igneous pelt cilngy arnfo>r i»uit'|je geo- 
chemistry. lhr smictsliil up[<lu.ant sin mid ha\c a 
strong background in geidogt, iltcniisln, and in.il h- 
eniattrt and an interest in vulcanic processes. Re- 
tcauli will involve panic i|t.iti»ii in a licld-otienlecl 
petrological. geochemical. and isotopic study rf l -no 


CcntKoic volcanism in the Ch J H " F ( ? h ^" 

ther details and apjdiratmns^amtar' 

Dr. R- S. Harmon (214) 692-3075 



auumcm 

Dribs. Texas 75275. 

Research AaeliUntihlpriU.dveraltyof Ha^UmA 

The Meteorology Department of the Itamnn of 
Maryland has research assnunuhiDS a vmlabi e to 
graduate students. Fall Semester 1984. T hc [ ^PV 
mem offers courses of study fading lo ihe drgrecs 
of Master or Science and Doctor ofPhilfflQpl^ i« 
meteorology- Students Mlh a bathclor s dcgrec m 
meteorology, the physical sciences, mathematics, or 
engineering arc invited to appply. 

Situated in ihc Maryland suburbs of Washington. 
D.C.. the University is in an ideal tocaUon for inter- 
action with the large meteorological community ol 
the area. The Department has cooperative rewaren 
agreements with the National Oceanic and Atmo- 
spheric Administration and the National Aeronau- 
tics and Space Administration. Access to facditlw o' 
these and other government agencies, including tlte 
large computers at the National Center for Atmo- 
spheric Research and NASA, are important re- 
sources Tor students nt Maryland. The Cooperative 
Institute for Climate Research and the Center for 
Qcean-Land-Atmosphere Interactions, both estab- 
lished rccendy on campus, offer the student ex- 
panded opportunities for advanded study ana re- 
search in climate analysis, modeling and prediction. 
A large number of private and government agencies 
within the metropolitan Washington, D.C. area oner 
employment opportunities. 


employment ouporiHiuuca. , . 

Interested Individuals are encourage to write for 
more information to die following address: Char- 
man, Department of Meteorology, University of 
Maryland, College Park, MD 20742. 

Research Fellowships at the University or Notre 
Dame. Fellowships in groundwater physio, 
groundwater chemistry, anacrotic processes and 
bioengineering arc currently available in the Envi- 
ronmental Engineering Program of the Civil Engi- 
neering Department. Successful applicants will be 
awarded annual uipciuls of up to $ l DUO/mo. plus 
full tuiiiuit. For additional information, contact Dr. 


Aaron A. Jennings, Department or Civil Engineer 
ing. University of Notre Dante, Notre Dame, IN 
-1655(1 (2 I9-239-S8-IG). 


State University of New York st Buffalo/ Assistant- 
ship Opportunities. The Department of Geologi- 
cal Sciences invites graduate applicants for Fail 
1984. Graduate/Teaching assiitanuhips offer a sti- 
pend up to $5500.00 for 10 months, plus tuition 
waiver. Special assitlaniships in geophysics, 
Beochcimsiry-mincralogy, and glaciology carrying a 
10-month stipend of $7200.00 plus tuition waiver 
are available. Additional summer support is possi- 
ble. Applications can be obtained from the Depart- 
ment of Geological Sciences. 4240 Ridge Lea. Am- 
herst. NY 142211, 71 0-83 1-3051. Deadline for re- 
ceipt of nl] materials is March 30, 1984. 

The State University of New York at Buffalo is an 


affirmative aclinii/cqual opportunity employer and 
invites application? from minority and women can- 
didates. No person in whatever relation with 
SUNYAB shall be subject to discrimination on ihe 
basis of age, color, national origin, race, religion, or 
sex. 
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NATIONAL SCIENCE 
FOUNDATION 

Geotechnical Engineering 
Administrator 


NSF's Division of Civil and Environmental Engineering is seek- 
ing qualified applicants for the position of Geotechnical Engi- 
neering Administrator (Program Director) for the Siting Research 
Program, Earthquake Hazard Mitigation Section, to manage the 
extramural research program in soil dynamics, earth structures, 
ground motion and tsunamis. 

The position Is expected from the competitive civil service and 
will be filled on a one or two-year rotational basis under the pro- 
visions of NSF’s Rotator Program. 

The per annum salary ranges from $40,000-^65,000. 

Applicants should have a Ph.O. or equivalent experience In the 
appropriate field of civil engineering. In addition, six to eight 
years of successful scientific research experience beyond the 
Ph.D. is required. The position will be available In the fall of 
1984. 

Applicants should refer to Announcement Number 84-19EOS 
when submitting resumes (Including current salaries) to: 

The National Sclenoe Foundation 
Personnel Administration Branch 
Room 212 
1800 G Street, N.W. 

Washington, D.C. 20550 
ATTN: Timothy Connelly 

For further Information call 202/357-7840. Hearing Impaired indi- 
viduals call: TDD 202/357-7492. 9 P lndl 

NSF Is an equal opportunity employer. 
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Science and Policy 
on Capitol Hill 

Arthur B. Weissmn 
I spent my year as die 1‘J82-1UH:| A(*U 
Congressional Science Fellow as legis amr as- 
sistant to Sen. Christopher J. Dntki (11- 
Conn.), covering environment and energy is- 
sues. I offer ibis final report of my y«ir not 
only for potential Congressional Science Yel- 
lows but Tor all readers of Eos who may wain 
to contribute to science policy making (mil 
are afraid to 117). 

My primary goal was 10 get a broad expo- 
sure to issues, organizations, people, and the 
legislative process; this I achieved beyond my 
expectation. Congress, remarkably, is set up 
like a vast marketplace: There arc vendors 
(die lobbyists and interest groups) and con- 
sumers (the consihuems), and each group 
makes its desires known to the members vif 
Congress, who act as brokers. Issues arc 
strewn about like so many fish— some stale 
and rancid; others fresh and meaty, the catch 
of the day. And there is no real respite: Prob- 
lems requiring a response (if not a solution) 
will seek out even the most diffident Member 
or staffer. 

What makes Congress frustrating is that 
the market operates on such a strange, hurry- 
and-wait schedule. Of course, Congress can 
act quickly when absolutely necessary, as in its 
adoption of the Social Security Act last year. 

But where consensus has not developed, or 
where an issue is too complex or abstract to 
merit immediate consideration, Congress can 
be notoriously slow in acting. In my field, en- 
vironmental science, there were a number of 
pending issues which were either too complex 
or too controversial to receive the action they 
warranted — reauthorization of the Clean Air 
Act and the Clean Water Act and consider- 
ation of an add deposition control program, 
to name only a few. I watched in frustration 
as budgetary and defense matters marched 
through, and many of the issues on whidt I 
(and many others) worked hard and long re- 
mained stalled either in committee or cm the 
floor. The lesson, though hard, was very 
clear. 

Nonetheless, I gained considerable experi- 
ence working on legislation and seeing what 
the legislative process entails. I developed 
some proposals for acid deposition control 
and some amendments on the ocean dis- 
cliarge waiver issue (See. SO 1(h) of the Clean 
Water Act), which directly affected Cniincrii- 
cui. In the course of drafting these bills lot 
the Senator 1 learned how powerful can hr 
many inteiest groups (helpful or trouble- 
some, depending on their stand) and how 
possessively Congressional committees guuid 
their jurisdictions when nonconitnillec mem- 
bers offer proposals. I learned too liovv the 
scientific aspects of the issues, which txutpinl 
much uf my time, played in counterpoint (or 
often in mere accompaniment) to oilier politi- 
cal considerations, And I saw Itow both sci- 
ence and politics got transmogrified by it hi 11- 
sel into cold, statutory language that elucidat- 
ed neither the science nor the politics behind 
the measure. 

There is much else, or course, thui on upies 
a Senator’s office besides legislation, ami 1 
did a good share of casework involving con- 
stituent problems with federal laws and agen- 
cies. Though eschewed by many, nidi case- 
work reveals much about how government 
actually works (or doesn't work). It was grati- 
fying to be able to help out towns, companies, 
and individuals through the weight of the 
Senator’s office. While u can be frustrating to 
be besieged by endless requests and demands, 

I realized that citizens are better off for hav- 
ing members of Congress who are directly ac- 
countable to them. 

jj* 8°°4 news for the scientist who 
would influence legislation. With the plethora 
of issues to consider, much of the substance 
ot issues and of the remedies proposed goes 
unexamined in Congress. Scientists can pro- 
vide useful, substantive advice even if they do 
not work on the Hill, especially For the per- 
sonal offices of Senators and Congressmen, 
which rareiy have staff scientists at hand to 
help them with complex technical issues. 
Concerned scientists should develop a rela- 
tionship with the staff of their own Senator 
^Congressman, particularly with the legisla- 
ive director and the legislative assistant in 

film mi 63 ' Corres P 0n dence is not suf- 

^v ^ h , . Hl ! ° pera n 5 on P ersona! con- 
torts), so telephone calls and personal visits 

fluwrin r V15ed '- An ? kernate ™ie for in- 
fiuenang Congress, onal affairs is to become 
an advisor 10 an interest group, In either 

TneraoKf iVC a ^ m ^cLmu,u„ted in 
■ .« S k em,Sl5 * and , science ) Can in fact do a lot 


AGU \ 

Congressional Science 
Fellowship 

Thu Individual selected will spend a 
yenr on Ihe staff of n congressional 
committee or <1 Hotise or Senate 
member, advising on n wide range of 
scientific Issues js they pertain to 
public policy questions. 

Prospective npplicanl.s should have 
n hrond bnckgroum I in science and be 
articulate, literate, flexible, and able to 
work well wllh people from diverse 
professional backgrounds. Prior 
experience in public policy Is not 
necessary, although such experience 
and/or a demonstrable interest In 
applying science to the solution of 
public problems is desirable. 

The fellowship carries with It a 
stipend of up to $28,000, plus travel 
allowance. 

Interested candidates should 
submit a letter of Intent, a curriculum 
vitae, and three letters of recom- 
mendation to AGCJ. For further details, 
write Member Programs Division, 
American Geophysical Union, 2000 
Florida Avenue. M.W.. Washington, 
D.C. 20009 or telephone 462-6903 or 
800-424-2488 outside the 
Washington. D.C., area. 

Deadline: March 31,1 984 


kIu 1 think ili.u v trim- in irirU’V.inl in policy 
making, iliur in iltr nii-m immitrexaniple 
of budget dirit mi H.ivul Simkiuaii In tiding 
up an *il id ik , [i<>Miinn mill ml program be- 
cause v.H-niilii tim rruiniv. Admittedly, 
ilii- AdmiiiiMiuiimi'N liiHtnm line here » mon- 
ey anil vi iii-s, nni tiiiNVNifinN, I Mil scientific 
ctiusiilt-r.ilHMiN play a big mb’ in thf manage- 
ment nl this pmbli-iu. 

Thru- iv 111m.l1. hnwrvri, that ;| si iciuis* 

(ami Mirntr) tammi dn in l aiiigicM- .Scien- 
tific iiilnim.il it hi and u-.isnning in thcmselvtf 
tin nut 111 cvii It- ns.iMr answris In t-niigreJ- 
siimnl ilci isimi ui.il.ris. Si irnev iinisi l« inns- 
lot lin'd and «.im in imitMif serial value judg- 
ments. wins It air tlir icmI l-n*' nl OaiRress. 

Tilt* arid drpesiiien issue iiHiuiiiU'l) >«[t"r» 
u I1.1l.11u ing nl irgienal and sntial entf* n |lrt 
values: Kn viimmn-nt.il ptntciiinii in ww 
plan- may iim-ssii.itr ituicaM'd living tow® 
even jeh losses in atieilii'i. What legtsliUm* 
need Item m U-niiMs is a • laiilwatitm cd cue™ 
and i niiMi|iieu< es. h« example, ill tm occa 
(liscliaigi' Issue, si ii-ntisis si 11 mid ifcnujf 
piissihlt- elletis mi watei ijualiiy nl awed 
Iiinlegii .il oxygen ili'iiiiiiid and mxu l ,ul 11 8 
owing in mimed miiuiripal sewagr treat- 
mem. 

Pei isintis nil pi die V .lie vullic JIHlglWtl 
liased nn many ilHImeiu f,iusldeijinu , t* 
rial, iTiiniiinit. and pnlilii al as W J-’***? 

tlfk*. I lie si ieiuisi uiiiy consider ncrset 

luimt'll eiiuipiied In lt'iidef Mirli j u <lgj*‘ . 
f. stall m ietilists .tie ill Inti asked to ,|,! ^ 
reriiiuuieutlaiicms), but ilw stt'H’W * 1 * 1 
realize that, in lining so. a prolt’MloiM' 
IxHiudary Is being rinxsttl. ClwrlJiJK jj 
course el dial fine line, ami watching 
anti bulge with die flow "1 events, arc am® » 
the inimitable challenges and adveniu * 1 
working as a scientist in (amgress. 

Arthur II. Wnmnau is with the Emtio"#* 

P niter Huh Agracy in Washington 0. L. 

AGU Membership 

Applications 

Applications for membership have 
ceiveil from the following incltvidrials-T.. . 
letter after the name denotes the . 

primary section uffilialion. _ 

Donald K. Ualmer (H), Mark 
Charles 1 . Garda (SS), Enzo Man wvar ' , 

Vicky Pease (T), James E- Of 1 ** 1 iindcr* ' 
Schuster (S), Entire Skaar, Michael Under 

wood (T), John J. Whipple (H). • 1 

Student Status : 

Thedore G. Apotria (T), D- Kjg® ,-»I : ' 
(T). William R. Blackpori (H). 

Dunn (GP). Slevcn Eckc . 

(V). Brian ilausback (V), R° bc /‘ . : ■ r . 
(H), Desmond Lee Ling ^h^v'iJunsd 1 .'' 
Stewart L. Moses (SM)).P? u f'_. 

(G) . Gce-ShangPan ($).;Djnl “f&SST; V' 

, ivj; Ingrid SandahlfeMhTerry,^ Slll ko 

(OP); James E. Stefano . 

(H) , Sally Jo SutKJ ti (T). ; j (ft. , 1 

Oerard Tango (S). Si (S* 

: Frank Tbffolelio <SNt). P«VW JUU ^ 

■■ Gall T. Vogt {T>. Joriathab L.?Wil#o n V . s . 

. Mark Zlqlinski (T)-;. :• s • -i' 0 :.' 
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Announcements 

Applied Numerical 
Modeling 

December 28-Sl, 1984 Fourth Interna- 
tional Conference on Applied Numerical 
Modeling, Tainan, Taiwan. (S. Y. Wang, 
School of Engineering, Univ. of Mississippi, 
University, MS 38677; telephone: 601-232- 
7219.) 

Abstracts of approximately 300 words 
should be sent to the above Rddress no later 
than April 1. There will be general sessions, 
technical sessions, and panel discussions, as 
well as a tour of research and teaching facili- 
ties at the host institution. Featured lectures 
and invited and contributed papers will focus 
on computational mechanics. Tne topics in- 
clude solid mechanics, soil mechanics and 
geomechanics, structural analysis and design, 
fluid flow simulation, hydraulic and hydro- 
logic models, biosystem analysis and simula- 
tion, numerical modeling methodology, and 
dynamic systems. 

Freshwater Chemistry 

September 10-14, 1984 International 
Symposium on Hydrochemical Balances of 
Freshwater Systems, Uppsala, Sweden. Spon- 
sors, Swedish Natural Science Research 
Council, UNESCO, and the International As- 
sociation of Hydrological Sciences. (M. Fal- 
kenmark. Exec. Sec. NFRS, Comm, for Hy- 
drology, Box 6711, S- 1 1385 Stockholm, Swe- 
den.) 

The deadline for early registration for the 
symposium is April 1. Symposium and work- 
shop sessions will take up such topics as water 
interaction with soil and rock, water quality 
problems in developing countries, data collec- 
tion. human influence on freshwater systems, 
sorption-desorption phenomena in natural 
systems, hvdrochemical and sediment-geo- 
chemical data as a tool for deciphering hy- 
drological processes, and hydrochemical bud- 
geting and modeling for catchment areas, 
lakes, and oLher hydrological units. 

In conjunction with the symposium, an ex- 
cursion to the Vcrka River Basin, one of Swe- 
den’s Representative and Experimental Ba- 
sins within ihe International Hydrological 
Decade, will lake place on Wednesday, Sep- 
tember 12. 

Lake Management 

October 16-19, 1984 International Sym- 
posium on Lake and Watershed Manage- 
ment: Local Involvement, McAfee. N. J. 
Sponsor, North American Lake Management 
Society. (Harry Gibbons. Jr., Dept, of Civil 
and Environmental Engineering. Washington 
Slate Univ.. Sloan Hall 14 1, Pullman, WA 
09164-2912.) 

Abstracts uf not mure than one double- 
spaced page must be submitted by April 15. 

The symposium will focus on material re- 
lating 10 lake and watershed management 
techniques and research oriented toward 
management goals, including grass roots par- 
ticipation. For the first lime, an award will lie 
presented for the best contributed student 
paper; Hydrolab has established this award. 

The following topic codes should be used 
lo identify papers: A 1, water quality assess- 
ment methods; A2, restoration techniques; 

AS, cjuality criteria and standards; A4, eco- 
nomic benefits of improving water quality; 

Ql. point source pollution control techniques: 
H2, waste load allocation techniques; B3, non- 
point source pollution control techniques; B4, 
water shed management; B5, land use op- 
lions for management purposes; Cl, model- 
ing techniques and innovations; C2, toxics in 
surface waters; C3, macrophyte control; C4, 
laste and odor control and dynamics; C5, bio- 
manipulation techniques; C6, fishery man- 
agement. 

Dl, acidic precipitation effects on surface 
waters; D2, agricultural runoff and water 
quality; D3, urban runoff and water quality; 
D4. mining effects on water quality; El, polit- 
ical realities of lake management; E2, the role 
of lake associations and watershed districts; 
E3, public awareness and education concepts; 
E4, distribution and financial options for wa- 
ter quality management; EB, case studies of 
successful water quality improvements; E6, 
rase studies of trends of eutrophication in 
surface waters; and E7, reservoirs and lakes 
comparisons. 

Air and Qceans 
in Northern Latitudes 

October 8-5, 1984 Symposium on Meteo- 
rology and Oceanography of Northern High 
Latitudes, Anchorage, Alaska. Sponsors, 
American Meteorological Society and AAAS. 
(■Stuart Bigler, National Weather Service, 7,01 
C St p.O. Box 28, Anchorage, AK. 995 1 3.) 

Absiracts oF fewer than" 200 words should 
« submitted by April 1 . • 


Papers are solicited on all aspects of high 
latitude meteorology and oceanography, al- 
though the focus will be on time scales rang- 
ing from less than a day to several months. 
Sessions are planned un the following topics: 
air-sea-ice interaction in the high latitudes of 
the North Pacific; long-range forecasting for 
the Alaskan region; meteorological aspects of 
air pollution in the far north, with special 
emphasis on the Fairbanks legion; and die 
variability and predictability of sea ice condi- 
tions in Alaskan waters. Papers describing re- 
sults front the Bering Sea Marginal ice Zone 
Experiment (MIZEX) are encouraged. 

Authors will be notified of acceptance of 
papers in early May. 

Water Management 

April 4-8, 1984 Conference on Manage- 
ment Techniques for Water and Related Re- 
sources, Carbondale. III. Sponsor, American 
Water Resources Association, Illinois Section. 
(DeLaine Lynch, Geography Dept.. Soul hern 
Illinois Univ. at Carbondale. Carbondale, IL 
62901; tel.: 618-536-3375.) 

Topics to be covered include urban water 
supply management (demand forecasting 
techniques, demand management and conser- 
vation. drought planning and management, 
and financing and rate-making); water quali- 
ty (oil brine, groundwater pollution and haz- 
ardous wastes, and drinking water quality); 
floodplain management; irrigation for agri- 
culture; and water-based recreation. 

Goddard Symposium 

The theme of the 22nd Goddard Memorial 
Symposium, to be held March 15-16, 1984. 
at the NASA Goddard Space Flight Center in 
Greenbek, Md., will be "Permanent Pres- 
ence — Making it Work." The meeting will ad- 
dress the varied aspects of design, establish- 
ment, and opciatiuii of permanent manned 
and unmanned facilities in near-earth space. 
Sessions will focus on missions, architecture, 
productivity, and technology, including inter- 
national cooperation, long range goals, com- 
mercial prospects, operations and logistics, 
and s|mcc station configurations. 

Tlic meeting is sponsored In- the American 
Astronautical Society. btXiU Duke St., Alexan- 
dria, VA 22304 (tel.: 703-751-7721 or 731- 
7323). Ivan Bekey of the National Aeronau- 
tics ami Spate Adiiiiiiisli.iiuni is die sympo- 
sium general chairman. F01 those who cannot 
attend the meeting, information about the 
proceedings should be obtained from Horace 
Jacobs. Univch, Inc.. P.O. Box 2813U, San 
Diego, CA 92129 (id.: GI9-74G-4U05). 

Geophysical Year 

A due at the end of an entry indicates the issue 
of Ear in tvhich a full mceiing announcement was 
run. 

A list of abbreviations used in the Geophysical Year 
calendar appears at die end of the calendar. 


Future AGU Meeting*] 

Fall Meetings 

Dec. 3-7, 1984. San Francisco 
(Abstracts dot viid-SepIrmbtr 1984) 
Dec. 9-13, 1985, San Francisco 
(Abstracts due aid-Septtmbtr 1985) 

Spring Meetings 
May 14-18, 1984, Cincinnati 
May 27-31. 1985, Baltimore 
(Abstracts due early March 1985) 

Chapman Confertnctt 

The Magnciospheric Polar Cap 
August 6-9, 1984, Fairbanks 


(Abstracts due May 1. 1984) 


1984 


March I l-IG American Society of Photogramme- 
iry nnd the American Congress on Surveying and 
Mapping National Meeting. Washington. D.C. 
(Thomas ]. Lmiicrbom, Ric. 1. Box 127, Water- 
ford, VA 22190; tel-: 703-882-3331.) 

March 12-10 15th Annual Lunar and Planetary 


March 1*1—24 I bird International Symposium on 
Land Subsidence, Venice. Iialy. Sponsor, JAMS. 
(A. I. Johnson, Program Chairman, Third Inier- 
rudonai Symposium on Land Suhsidcnre. Wnori- 
ward-Ulyac Consultant!, 760(1 East Orchard Kd., 
Englewood. CO 801 1 1.] 

March 22-29 Seventh International Symposium 
on Equatorial Aeronomy (I SEA), Hang Kong. 
Sponsors, Ki.SU Committee nn Spare Research, 
lUGC, 1AGA, IAMAP, and URS1. |S. Matsushita, 
Chairman, iSEA, High Altitude Olacrvaicn y, 
NCAR, P.O. Box 3000. Boulder. CO 80307; td.: 
303-494-5 151.) 

March 26-27 GSA South-Central Section Meeting, 
Dallas. Tex. (lean Lauilippc, Meetings Dept., 

GSA. Boulder, CO 80301; tel.: 303-147-2020.) 

March 26-28 NOAA's Environmental Satellites 
Come of Age: Application! for Users and Oppor- 
tunities for the Marketplace, Washington. D.C. 
Sponsor. National Environmental Satellite Data 
and Information Service. (SES, Inc., P.O. Box 
2697, Springfield. VA 22152; tel.: 800-424-2733. 
ext. 928.) rtan. 24, 1984.) 

March 26-29 Lectures on Geophysical and Solar 
Activity Indices, Han-Sur-Lessc, Belgium. Spon- 
sor. Institut D'A<ronomie Spat tale tie Belgique. 

(L. Bossy and J. Lcmaire, institut D‘ Agronomic 
Spatiale de Belgique, 3, Avenue Circulaire, B 
1180 Bruxelles, Belgium.) 

March 26-29 International Conference on 
Groundwater Quality Research, Tulsa, OLIa. 
(Shari Dunn. Univ. Center for Water Research, 
Oklahoma State Univ., 203 Whitehurst, Stillwater, 
OK 74078; tel. I05-024-G995.) (Feb. 14. 1984.) 

March 28-30 International Symposium on Earth- 
quake Relief in Less Industriaffzcd Areas, Zurich, 
Switzerland. (Swiss National Committee for Earth- 
quake Engineering, SI A Postfacli. CH-8039. Zu- 
rich, Switzerland.) 

April Arctic Water Pollution Research: Applica- 
tions of Science and Technology, Yellowknife , 
N.W. 1'.. Canada. (W.A. Uridgen, llridio Values, 
Ltd.. P.O. Box 3161, Halifax South Pint Oilier, 


Ohio. (Meetings. AGU, 2000 Florida Are., N.W., 
Washington, DC 20009.) 

May 20-25 1 nicrnaisrjnat Symposium on Deep Ob- 
servation and Sampling of the Continental Crust 


Nova .Scotia H3 1 3H 5, Canada. ) 

Imil CSCE/ ASCF. (fold Regions Kinzinrcring 
Specially (font crcmc on Northern Resource De- 


velopment, Edmonton, Alberta, Canada. ( Daniel 
W. Smith, Dept, of Civil Engineering, Univ. ol Al- 
berta. Edmonton, Alberta 'I6G 2C7. Canada.) 
April inicrnaiiunal Conference on Recent Ad- 


vances in Mineral Science and Technology, Jo- 
hannesburg. South Africa. Sponsor. Smiifi Afri- 
can Council for Mineral Technology (Mil tick). 
(The Conference Secretary (C.251, Slintck, Pri- 


(Miulck). 


vale Rag X3H15, Rand burg. 2125 South Africa. | 
April 2-4 Second National Symposium am I Expo- 
sition on Groundwater Instrumentation, I -as Ve- 
gas, Ncv. Sponsor, National Well Water Associa- 
tion. |D. M. Nielsen, Conference Courtlinahir. 


Through Drilling, Tarryiuwn, N. Y. (Barn- Ra- 
leigh, Director, L-imonL-uuhenv Geological Ob- 
servatory, Palisades, NY I0961: tel.: 914-359- 
2900.) 

May 21-29 International Ground water Sympo- 
sium uu Groundwater Resources UiilbaLion anti 
Contaminant Hydrogeology, Montreal, Canada. 
Sponsors, Canadian National Chapter or the In- 
ternational Association or Hydragealoalsts and 
the Canadian Water Well Association. (A. Kohut, 
Chairman. International Groundwater Sympo- 
sium Montreal '64, Ministry or the Environment, 
765 Broughton St., Victoria, B. C., V8V 1X5, 
Canada.) 

May 21-23 Symposium on Climate) History, Peri- 
odicity, and Predictability. N.Y. (John E. Sanders. 
Dept, of Geology, Barnard College, Columbia 
Univ.. New York. NY 10017; tel.: 212-280-4312.) 
(Aug. 23, 1983.) 

May 21-23 Ninth Conference on Weather Modifi- 
cation, Park City, Utah. Sponsor. American Mete- 
orological Society. (Edward Hindman, Dept. At- 
mospheric Science. Colorado Slate Univ., Ft. Col- 
lins, CO 80523; tel. 303-49 1-B3 1 1.) 

May 23-25 Fourth National Symposium and Ex- 
position ^on Aquifer Restoration and Groundwa- 
ter Monitoring, (folutnbus. Ohio. Suunsor, Na- 
tional Water Well Association. (NYVWA, 500 W. 
Wilson Bridge Ril., Worthington. OH 43085; (el.: 
614-846-9355.) 

May 23-25 Workshop nn Precipitation Enhance- 
ment, Park City. Utah. Kponsms, National Science 
Foundation anil American Meicnroiiinic.il Society. 
(Rnscue Rraliam, Drill, of Geophysical Sciences. 
Univ. of Chicago, Chicago, IL 06637; tel. 312- 
9112-8123/81 24?> 

Muy 24-26 Symposium on the History of Soil and 
Water Conservation, (foliinibia. Mu. Siituisnn, 
-Missouri Cultural Heritage Ca-ntei at the Univ. ol 
Mi«siiuri, the Agricultural History Society, mid 
ihc Soil CnmcrvaVinn Soviet of the U.S. Ui-jn of 
Agriculture. (Susan Fl.uler, Dept, nf History, 

Univ. of Missouri, Cnlunihia. MO 65211, tel.: 

3 1 4-882-2-1 R I or 314-412-1958; nr Douglas 
Helms. Historian. Soil Conscnaiimi Service, I' O. 
Bx 2896, Washington, HC 20U13. tel.: 2U2-382- 
0042.) 

May 28-jnne 212th Intcrnaiional Congiess an Irri- 
gation and Drainage, Fori Cnllins. C.ulu. S]ion- 
Mirs, U.S. Ci i ii i mince mi liriuation, liraiiuge. and 
F'ltmil Cfonlinl (UCIDFC.l. AGU. (UClDFtf P.O. 
Box 15326. Denver, CO 8(1215.1 

May 29-3 1 Urban Water ‘84— A Hmc For Re- 
newal, Baltimore, Md. Sponsor. Ainc-iican Sucieiv 
r,i Civil F.ugi neers Water Resources Planning and 


NWWA, 5(10 W. Wilson Bridge- Rti., Wurihingion. Management Division. (Humid Das. ( ollc-gc of 
OH 43083; tel.: 6 14 -846-9353.) (Nuv. 1, 1983.1 F.itviioninenlal Scic-me, I'niv. of \Cisci>nsin at 


April 3-5 Interdisciplinary Conference on Meet- 
ing die Water Needs of the Southwest, Dallas, 
l ex. t Michael A. l-ollins, School ol Eiiuiiiecring 
and Applicil Science. Somlieni Mctlindisi Univ.. 
Dallas. TX 75275. teh. HnW W. 

1983.) 

April 4-6 GSA Jiiim Nonii-Lcniral Sectiosi and 
.Southeast Section* Meeting, l.i.-xinplon. Ky. (|eau 
Latiilipiic, Meetings Dept.. GSA, Boulder. C() 
80301; tel.; 303-4T7-205 oj 

April 4-fi tfonferenre nn Mansaemenl Tech- 
uiques for Water and Related Kesoiiues. ' arinai- 
dale. 111. Siionsnr. American Water Resources As- 
sociation. (lliiKiis Scciiun. (DeLaine Lynch, Geog- 
raphy Dept., Southern Illinois Univ. ;il 
Carlnndale. Carbondale. IL 62901; tel.: 618-530- 
3375.) (March 6. 1984.) 

April 8-1 1 13th Annual Rocky Mountain 
Groundwater Conference. Great Falls. Mom. (IV. 
A. Van Vnasi, Montana Bureau of Mines and Ge- 
ology, 302 1 Sixth Ave North. Billings. Ml' 

59101; tel.: 406-259-9834.) 

April 9-1 1 Sixth Annual Groundwater Heat 
Tump Conference, Columbus, Ohio. Sponsor, 
National Water Well Association. (National Water 
Well Association, 5QU W. Wilson Bridge Rd., 
Worthington, OH 43085; tel. GI4-846-9355.) 

April 1 1—13 International Conference on Hydrau- 
lic Design ill Water Resource* Engineering: 
Channels and Channel Control Structures. South- 
ampton, UK. (K-.V. H. Smith, Dept, of Civil Engi- 
neering, Tile Unhersity, Southampton SOD 5NH. 
UK) 

April 24-26 Fourth Annual Front Range Branch 
Hydrology Days, Fort Collins, Colo. (H. J. Mnrcl- 


5448 or 8549.) (Nov. 22, 1983.) 

April 24-27 Pacific Conference on Marino Tech- 
nology (PACON 84), Honolulu, Hawaii. Spon- 
sors, Marine Technology Society, AGU. (PACON 
84, Center for Engineering Research, Univ. of 
Hawaii at Manoa, Honolulu, HI 96822, tel.: 808- 
W8-7338 or 7449.) (Aug. 16. 1983.) 


ripuciaii iiuumis, . . Jr V — 7* T V — i 

American Asirononhcal SocicLy. (15th Lunar and 
Planetary Science Conference Office, Lunnr ?tta 
Planetary Institute, BOS NASA Road i , Hoirnon. 
TX 77058; id.: 713-4&6-2150.) (Noy. 22 1083.) 
March I3-1B Founli Biennial SEGRJ& . Navy 
joint Technical Symposium nn 1 hrec-Dlmensioii- 
al Marine Data Cbllcction, Proceulng, hjterprela- 
tion, and- Presentation, Natfonal Space Tcchnolo- 
hv Laboratories (NSTL), Bay St. I amis, Miss. U- 
ffird. Chairman, NORUA. NSTL, MS . 
39529; tek: 00 1 -888-4760.) (Nov. 1 , lfl83.) 

March 14-17 ■ 1984 Mating, Hydragreloay 
Division, Northeast Sedan* Prmidcnce.^ R, L (JcfT 
Sgimbat, Gnraghty and Miller, Inc., 844 West at., 
Annapolis. MD 21401; tel,: 301-268-7730.) (Aug. 

March 19-23 Fifth Northern hemh .Bashu ■ 
Symposium and Workshop, Vieniroakt. Finland. 
(CItaries Slauglitor, Cltafmum, U^. Working . .. 
■ Group, Institute of Northern Forestry, USDA. 
Forest Service. 308 Tanana St.. Fairbanks; AK 
,99701, or OIU Faa»nen, ■Secretary, Organ Wog- 
Commhtre 1 .^dr 9 lorirai Office,. Bo* 438,00101 : 
Helsinki 10, Finland-) ’ ’• • • 


and ihc Commission on Marine Gcopnysics ol 
IAPSO, (Texas AS.-M Geodynamics Office, Col- 
lege Station, TX 77843-3 114; id. 409-845-8477.) 

April 29-May 4 Penrose Conference on Processes 
nnd Products of Multistage Melting and Metaso- 
matism In Ihe Mantle, Gold Canyon Ranch, Ariz. 
Sponsors, GSA nnd USGS. (I. E. Pike, USGS, 345 
Mlddlcflcld Rd„ MS 75, Menlo Park, CA D402B.) 
(Ocu 25, 1983.) 

April 30-May 3 International Association for 
Great Lakes Research Annual Conference, Si. 
Catherines, Ontario, Canada. (J. Tcrcsmac, Dept. 
Geological Science, Brock Univ., Si. Catherines, 
Onuuio L2S 3AI, Canada; tek: 41G-088-55BU.) 

April 39-May S SOih Annual Technical Meeting: 
Environmental Integration Technology Todoy 
for a Quality Tomurrow, Orlnndo, Fla. Sponsor, 
Institute or Environmental Sciences. (Institute for 
Environmental Sciences. 040 E; Northwest Hwy., 
Mount Prospect, (L 60050; tek: 312-255-1501.) 

April 30-May4 Penrose Conference on Structural 
Styles and Dclbrmatioital Fabrics of Accrctionary 
Comploxei, Eureka/Arcaia, Calif. Sponsor, (ISA. 
(Western Experience, 2450 Central Ave., Suite P- 
2, Boiddcr CO 80303; Id. 303-4-19-3SR2.) , 

May-lunc ISlli lntcrnatlon.il Congress on Irrlga- 
tfon and Drainage, Fort Collins, Colo. (IUID, 418 
Nyaya Marg, Chanakyapurl, New Delhi 110012, . 
lndfaj 

May 7-9 Third Symposium on Arctic Air Chemis- 
try, Dowiuview, Ontario, Canadn. (L. A. Barrie', '! 
. Atmospheric Environment Service, 4905 Duffs rin . 
St., Downsvicw, Ontario MSH 5T4, Canada, td.: 
4|6-667-4785; or K. A. Rahn, Graduate School of' 
Oceanography , Univ. of Rhode Island, Narragan- 
aeti, RI U2882-1 197, td.:. 40 1-792-6234.) (Aug. 
29,1983.). 

May, 14-16 Geological Assoc, of Canada and Min- 
. ecological Assoc, of Canada joint 'Annual Meet- 
ing,' London, Ontario. Canada.. (N. D. MgcRae, 

. Dept, of Geology, Univ. of Western Ontario, Lon: 
don, Ontario NuA 5B7, Canada.) 

Mnv' 14-18 AGU 8prlng Mating, Cincinnati,’ 


*ireeu Bhv. (ir-.vn Bav, W[ 513UI; u4. -II 1-165- 
2250.1 

Mnv 29-Junf I fuim Mceiing «'f tlic Ilih Animal 
Mcctiiig of the Canadian Geophysical Union aiicl 
die 18tn Annual ( ■mgtv-.v i> 1 die Canadian Mete- 
orological and Oceanographic Society. I lalil.iv. 
Nusalicnti. 1 . Canada. <S. Is. Smith «>r 11. R. Ink- 
son, Rcrifunl liiMimu- i»i t Vc,ni,>gi.inln. P.O 
Box I Ot'lli. Daitiiniuili, Nova Sj-dh. tfoii.ula U2Y 
4A2-) (Aim. 3U. lf»83.» 

June -1-7 Symposium mi Climate and Paleocli- 
mate of Lakes, Klvers, ond Glaciers, lgK. Anv- 
il u. Sponsiir. liiicrii.iuoii.il Cnninii-MMii nil Ul- 
ulate. IAMAP. I M. KilIiii. Instil ut fuel Mctmi'iln- 

fAeetings (cont. on p. 92) 


The June Bacon- 
Bercey 

Scholarship In 
Atmospheric 
Sciences for Women 
1984-1985 

Expressly for women Intending lo 
make a career In the atmospheric 
sciences. This monetary assistance, 
provided through a gift from June 
Bacon- Bercey, a noted meteorologist, 
will be given too woman who shows 
academic achievement and promise. 
Toquallfy, candidates must be one of 
the following: 

• a first-year graduate student In an 
advanced degree program In atmo- 
spheric sciences; 

• an undergraduate In a bachelor's 
degree program In atmospheric sci- 
ences who has been accepted for 
graduate study; 

• a student at a 2-year Institution 
offering at least six semester hours of 
atmospheric sciences, who has been 
accepted for a bachelor's degree 
program; arid who has completed all 
of the courses In atmospheric sci- 
ence offered at the 2-year Institution. 

Awardee selection will be made by 
the AGU Education and Human Re- 
sources Comfnitiee In consultation 
wllh the AGU Atmospheric Sciences 
Section. 

For application forms contact: 

Amerfoan Qeophysloal Union 

Member Programs Division 

2000 Florida Avenue, N.W r 
Washington, D.C. 20009 : 

(202) 462-6903 

Application Deadline 
May 1,1984 





EOS March fi. 1984 


Meetings (tmi. fmm p. 9 m 

S ic i mil Gcnplitsik. Sclhicpliirasrc 41, A-6020 
nmbrnck, Auilria.) (Oct. 25, 1983.) 

June <1-8 I W RA Seminar an Ri ver Buln Slraicgy, 
l.inkopiiijj, Sweden. (U. I.nhm. Water Th cine, 
l.iiikrtpinu Uiiiv., S-58185, I -inkOuiiig. Sweden-) 
(Oct. 18.1083.) 

June >1-8 Seventh Inicriutkinal tjjnfc rente on At- 
mospheric Electricity, Albany, N. V. Sponsor*. 
IAMAI’ 1 ntcru.it innal Cnmnduinn on Arnuwplicr- 
ir Klccirkitv, AMS, and AGU. (K, E Orville, Al- 
im niihciic i'.letlricilv (inference, E.S. 2H. 1-100 
WaMiiiiuVun Ave., SllNY, Allwny. NY 12222; wl.: 
5lH.4!i7-3'J87.) (July 20, IMj 
June -1-8 1 turd inlcrnatimial Conference on Ur- 
ban Storm Drainage, (.iOlcImig, Sweden. Spon- 
sors, I Alik and Inicrnational Association on Wa- 
ter Hullutinii Rescan li. (P. Malnii|vht, c/n Dent- n( 
llvriniiilks. CliulmCTS Univ. of Technology, 8*4 12 
9B GOictorg, Sweden.) 

June 6-9 Second American Conference on lee 
Nucleating Bacteria, FlauiiafT, Aria. {Ralph M. . 
Rilliy Research Center, Box 6013, Northern Ari- 
zona Univ., Flagstaff, AZ 86011.) (Nov. 15, 1983.) 
June 10-13 65ili Annual Meeting or the American 
Association for the Advancement af Science (Pa- 
cific Division), San Francisco, Calif. (John N. 
Vann, Dept, of Geography. California State Univ-, 
Hayward. CA 9-15-12; tel.: 415-881-3193.) (Jail. 

31, 1984.) 


Hons for Climate Studies. Graz, Austria. Sponsor. 
World Climate Program. IS. 
tary, COSPAR Commission A. NCAR. Boulder. 
CO 80307.) (Julv 19. 19SS.) 

June 20-28 Symposium of the Achievcmcnu oT 

sffisriaBtafsaa 

99701.) 

lunc 20-28 1984 Intenialional Conference on 
Lightning and Slade Electricity, Odando, Pa. 

. ■ s.i/ii i iccr cap. A Pd r nmniinre. 


Mex. Sponsor. Institute ftM the MihIv f-"d' 
and Man. (Mike Dungan. 1VP<- "I '"''’‘"n 1 ' ' 1 
ences. Soiiihcm Mclhmlisi Vm*ei'ili.U.jlLY.. 1 \ 
75275; id.: 2 14-092-273^) (|a«- 17.1 *1.1 
Aug- 26-29 Geothermal Resources C-omui I W I 
Annual Meeting. Heim. Nejr-f kr- 
sources Council. P.O. R» l# ’■ n " 1 '- ‘ ' " ,| * • 
tel.: 916-758-2360.) (Felt- 7, l‘J8l ) 

Aug. 26-31 Seventh Ammdian Geological (am* 
vention, Sydney, Aiwtr.ilLi. S|« , nv-r.U<>>v;, 
Society of Australia. CSecu-ury 7 AJ »t . •»* 

383, North Ryde. NSW. Australia 21 13 1 iNin. 

29. 1983.) _ . . 


Lightning and Slade Electricity, umnoo, rm. 7 




agencies in the VS. and UR. y . I. Hsher.Uwier- 
cncc Chairman. U.S. Naval Air Syaem i Com- 
mand. P.O. Box 15036. Arlington. VA 22215; 
tel.: 202-692-7822; or G. Odam. European Coor- 
dinator. Royal Aircraft fjiabUshmcm. Fambor- 
oueli. Hants. GUM 3TD UK: id.: 0252-24461, 
ext. 2638.) (Sep. 6. 1983) 

June 26-28 1 mernational Symposium on peep 
Structure of the Continental Crush Results from 
Retlec lion Seismology. Idtaca, N.Y. Sponsor, 
AGU. (Muawia Barazand, Conference Cooidma- 
tor. Dept, of Geological Sciences. Cornell Univ.. 
Ithaca, NY 14853: id: 607-256-6411 or telex: 
937478.) „ . , 

July 2-5 Symposium on the Physics or the Magnfl- 
loipherc-ionosphere Connection, Graz, Austria. 
Sponsor, Committee on Space Research of ICSU. 
(E- R. Schmcrling, EE-8. NASA Headquarters. 


oi, isroi.j it. R. Schmcrling. EE-8, NASA Headqi 

June 1 1- 12 fifth Fit rowan Conference on Envl- \vajlungton. DcWe.) (Dec. 6, 1983 
ronmenlal Pollution, Anuiertlam, The Nether- - R Kvmooriiiiii on Plasmi 


lands. (V. M. Uhatnager, Box 1771), Cornwall, 
Omarin KGI1 5V7. Canada.) 


Jure 11-13 Symnositim un Critical Assessment of 
Forecasting In Western Water Resource Manage- 
ment, Seattle, Wash. Sponsors. AWRA and AGU. 
(Li. R. Minton. President, Resource Planning As- 
soc., 1 13 l.ynn Sl„ Seattle, WA 98109; tel.: 206- 
282-UiHl.) (June 28. 1983.) 

June 18-22 Firth lntemaiinn.il Conference on Fi- 
nite Elements In Water Resources, Hurl inn inn, 
Vt. Six incurs, Univ. of Vermont, AGU. (|. I 1 , l.ai- 
fait-, iVcpi. of Civil Engineering and Mechanical 
Engineering, Univ. nf Vctmunl. Burlington, VT 
0511)5; id.: 8 02- 656 -380(1.) 

| nut- Hi-21 lliirtl Init-iiiulinitid Confereure on 
Marine Simulation, Knilrril.iiii. The Netherlands. 
.Njwiimir, Maritime* Rescan h I list it ate Net her - 
Uiuis. (Snrvtariat MAKSIM HI, i/n Maritime Re- 
«\itc1i hniiiiite Netlierl.mili. P.O. Uu\ 1555, 

3IIDI) BN Kuttrnl.im. ‘I lie Ncilit-il.iudi.) 

|itiii- 2 .1-311 Pi nniw' Cnnfm-nrc mi Melanges or 
the Appalachian Orogen, NcwfiniinlLiiul, I'aua- 
ild. Sjmnsur, GSA. (llrrniu E. I .ore nr. Itepi. of 
Earth Stietuci, Menmnal Univ. nf Newfound- 
land, St. [nlms, Newliniiitll.ind All) 3X.1 Caiiii- 
da ) (June 28. 1*183.) 

June 24 lniriiuUuii.il Cunletcuce tin Gcomem- 
bianea, 1km cr. Coin. (A. I. Juhiisiiii. Woodward- 
Chde Gmisuliunts, 7l!lll) K. On hard Rd . Engle- 
wood. GO 80111; Id.: 303 (Y.H-V!77f>.) 

June 2-1 ltiieinatinii.il Suimmjuiti nn Imperme- 
able Barriers for Soil and Ruck, Ikincr, (kiln. 
(A. I. John* hi. W’nndwanM :hdc Cumuli ants, 
761)1) E. (hdi.ird R«i.. F naif hi mil, CO Will I; Id.: 
ULIliU l •277l».i 

(iijic 24-3D I4(li InlvniJiiiiiul Oinlereiicciiii 
Malhemaiical Geophysics. I.orii. Num.iy. (L. 

I n ’ii r ml. N'l NF^NOKSAK. Ml. Hot 51, N-»NI7 
Kjcller, Nniwav; telex: 1H|47 Ktin.) 

|mjiu 23-27 Rock Mechanics in I'nitcilinii and 
Friidiiciivii>. 33lh U.S. Sympnxiuin on Ruck Mc- 
tlianics. Fvjiuton, III. Spunsur. AGU. (Charles II. 
Di milirig. Ikut nl Civil Knui net-ring. Northwcxi- 
em Unis., Eianxiuii, II. 17)281 ; id.: 312-492- 
7 27H.it Sept. IS. I HHS i 

Julie 23-Juh » It SL‘ Commlitec on Space Re- 
search 23th Meeting. Gnu. Austria. (Richard l- 
llart. S|).ice Stic rue Board. J1I-82H, National 
Ai.ideniv ««1 Sciences. 2 III l Cuiisiiiiuiun Avc., 
N.W.. W'asliingmn, DC 20118.1 
June 25-Julv 7 Svinp-iMiiin on Space Obwrva- 


Yours For 
the Asking 


July 5-6 .Second Symposium on Plasma Double 
Lavcra and Related Topic*, Innsbruck. Austria. 

(R. Schriltwlescr, Inst, for Theoretical Physics, 
Univ. of Innsbruck, Sillgasse 8, A-0020 Inns- 
bntek, Ausiria.) 

July 9-13 International Sy mposium on Space 
Techniques far Geodynamics, Sopron, Hungary. 
Sponsors, Hungarian Academy of Sciences and 
I AG/COSPAR Joint Commiuion on the Interna- 
tional Coordinaiion of Space Techniques For Ge- 
odesy and Geodynamics. (Ch- Relgbcr, Deutsches 
GeoilMischcs Forsrhungslnstilul, Afat. I, Marstall- 
pLatz 8, 11-8000 Munich 22. FRG.) 

| lily 9- 1 3 Longitude Zero, Greenwich, UK. Spon- 
surs, International Union for the History and Phi- 
losophy nr Sriviicc anti the International Astro- 
nomical Union. (Cunfercncc Officer. “Izingitudc 
Zero" Symposium, National Maritime Museum, 
Greenwich, lamdon SEO 9NI-', UK.) (Nov. 15, 
1983.) 

Jnh Hl-14 Tho Case for Man U, Bowlder, Colo. 
SiHuisor. Mars Institute of the Planetar) Society. 
(Helen Han. Laboratory lor Atmospheric anil 
Sparc Physics, Univ. of Colorado, Boulder, CO 
803(19; tel.: 303-492-8822; Carol Stoker or Tom 
Meyer. (Use fur Mors, P.O. Box -1877, Boulder, 
GO 80306; tel.: 303-494-814-4.) (Dec. 20. 1983.) 

July 18-20 Seismic Deconvolution Workshop, 
Vail. Colo. Sponxur. SEG. (Sven Treiiel, Amoco 
Production To., Research Center, P.O. Box 591, 
Tulsa. OK 74102.) (Feb 7. 1984.) 

July 19-25 Symposium on Wave Breaking, Turbu- 
lent Mixing/iiud Radio Probing of the Ocean 
Surface, Sendai. Japan. (O. M. Phillips, Dept, of 
Earth and Planetary .Sciences. Johns Hopkins 


Div., Haniburgischc 

GmbH., P.O. Box 600 929, 2000 llanilmrp. IR(>.) 
(Nov. 22, 1983.) .. .. 

Aug. 27-Sept 6 General Assembly or URSI, H**r- 
cncc. Italy. (Vito Cappdfmi, l * OE - .\ u ,fc l,ll, ‘ 
chi 64, 50127 Firenze. Italy.) (Ihv. 27. I9H 1.1 

Sept. 3-7 Quadrennial Ozone Symposium. Halki- 
dilu, Greece. Sponsors. 1AMAP hilcriuii»ii.d 
Ozone Commiisiou (IOC). Coininixsiiui ' u tin- Eu- 
ropean Coinntuniiics. die Arailcttiy id Ailu-nx. 
and WMO. (Christos S. Zcrofi*. Chainitui. I *h.iI 
Organizing Committee, Pliysks Dept., C.iiniiii' 

Box 149, Univ. of Thessaloniki. Tlu.-xx.»lciiiiki. 
Greece. Send copy of information request u» C. 

D. Walshaw. Secretary, KlC, Clarendon I -dm* a- 
tory, Oxford Univ., Parks Rd., Oxlord. OKI 31M 1 . 
UK.) 

Sept. 10-12 Oceana 84 Conference and Exhibi- 
tion, Washington, D. C. Sponsors. Maiim- Fn It- 
nolom- S ode tv, AGU, and Insliluic of Efcilt ual 
and tjecironKS Eitginccn/Occanic Engineering 
Sodety. (Oceans 84 ^ Technical Program Commit- 
tee, 1730 M St. N.W., Suite -112, Washington. DC 
20036.) (Nov. 29, 1983.) 

Sept. 10-14 International Symposium on Hydro- 
mechanic^ Balances of Fresh Water Systems, 
StockhoInPUppsala, Sweden. S]tnnS(irs. Swedish 
Natural Science Research Council. UNESCO, and 
IAHS. (M. Falkenmark. Excc. See. NFKS. (aunni. 
for Hydrology, Box 6711, S- 1 1385 SuKkluilm. 
Sweden.) 

Sept. 12-14 Seminar on Degradation, Retention, 
and Dispersion of Pollutants In Groundwater, 
Copenhagen, Denmark. Sponsor, lmcrnaiimt.il 
Association on Water Pollution Research and 
Control. (Erik Arvin, Dept, of Environmental Kit- 

B 'ncering, Building 1 15C, Technical Univ. of 
enmark, DK-2800 Lyngby. Denmark.) (Dec. 13. 
1983.) 



American Geophysical Union 

PUBLICATIONS 

CATALOG 

T9-8-4 

Vour own guide lo AGU's cur- 
rent selection of books and 
periodicals. Contains brief de- 
scriptions, prices, and order 
forms. 

For your free copy, write or 
call: 

American Geophysical Union 
2000 Florida Ave., N.W. 
Washington, DC 20009 

Attn: Marketing Dept. 

(800) 424-2488 


Univ., Baltimore, MD 21218; id.: 301.338-7036.) 
July 21-28 Eighth World Cunierence un Earth* 

S ake Engineering, San Francisco. Calif. Sponsor, 
rtluiiMkc Engineering Rciearcli Institute 
tEERI). AGU. (I. Pcitzicii. Chair-RWCFE. EER1, 
262(1 Telegraph Ate.. Berkeley. CA 94704.1 
July 23-25 .Summer Computer Simulation (kjn- 
fcrcnce. Bnsian. Mas*. Sponsor. Suciciy for Com- 
puter Simulation. (W. D. Wade. 198-1 SCSC Pro- 
gram Chairman. Wade Engineering P.C., P.O. 

Bov 849, Huntington. NY 11743; tel.: 516-271- 
liU73.) 

July 23-26 1 llh Intcmailunal SynuKisium on Ur* 
bon Hydrology, Hydratilicj. anil Sediment Con- 
trol. Lexinglun. Kjr. Sponsor. Univ. ol Kentucky. 
(E. Haricn. Coordinator. Office of Continuing 
Educaiinn/Engineering. 223 Transportation Re- 
search Bldg., univ. of Kentucky, Lexington. KY 
40506-0(1 ft; lei.: 606-237-3971) t Nov 15. 1983.) 
J uly 24 -26 Water Rights Spec iall v Conference, 
Hagstarr, Ariz. Suonsors. Ground Water Commit- 
tee and Surface Water Committee of the ASCE 
Irrigation and Drainage Division. (Kenneth G. 
Renard, Southwest Watershed Research Center. 
2000 E. Allen Rd., Tucson. AZ 857 19; tel.; 602- 
629-6381.) 

July 20-27 A Joint Workshop of the Committee 
on Climatic Changes and the Ocean and the 
Joim Scientific Committee for World Climate Re- 
search Panel, Sendai. Japan. (O. M. Phillips. 

Dept Eaith and Planetary Sciences. Johns Hop- 
kins Univ.. Baltimore, MD 21218; tel.: 301-338- 
7036.) 

July 30-August 2 Seminar on Water Management 
Practice, Zarta, Nigeria. Sponsors. International 
Association for Hydraulic Research and UNES- 
CO. (Gunnar Undh, Dept, of Water Resources 

July SD-AuguH 3 Eurogeophyslcs Assembly, Lou- 
raln-la-Neuve. Belgium. Sponsor. European Gco- 
Brow n, DepL orphyslcs. 
Aber> ' stw > 1 "- ' VaJcs - UK.) 

July 3 l-Aiig. 2 Fourth Iniemationai Symposium 
an Stochastic Hydraulics, Univ. of llluiouirilr. 
tana- Champaign. Sponsors. IAHR and AGU. 


radice, Zaru, N tgena. Sponsors. International Oct 1 (k- 1 3 ki-Lt!l r ' . , 1 , l” 1 ".’" 

issoctauon for Hydraulic Research and UN ES- Annua C *® ,0 8 ,c ® 1 Society 35 ill 

:0. (Gunnar Undh, Dept, of Water fosourc« oE+Z ***!&**• 1 N. Mix. (U. 


Sept. 26-2 1 International Symposium on Envi- 
ronmental Pollution, Site To oc Annoutucd. (V. 
M. Bhatnager, Box 1 779, Cornwall, Ontario K6I I 
5V7, Canada.) 

Sept. 24-25 Seminar: Enhanced Biological Re- 
moval of Phosphorus Front Witstcwater, Paris. 
France. Sponsor, International Assttcialion mi 
Water Pollution Research and Control. (Mlilit-1 
Horcntz, Phosphorus Seminar. Anjuu-Kct ln-r« hr. 
52, Rue d'Anjou, 75384 Paris Ccdcx 08, Fr.uu e: 
Tel.: 206-91-50; telex: Gencaux 280 332 F.) 

(Sent. 6. 1983.) 

Sept. 24-26 Imernationol Water Well Exposition, 
Las Vegas, Nev. Sponsor. National Watei Well 
Association. (National Water Well Assoriaiimi. 

500 W. Wilson Bridge Rd.. Worthington, OH 
43085; tel.: 614-846-9355.) 

Sept. 26-28 Seventh National Groundwater Quali- 
ty Symposium, Las Vegas, Nev. Simiiimit, Nat innal 
Water Well Association. (NWWA, 5(10 W Wilson 
Bridgend., W.uihingtrm, OH 430R5; u-1.: 614- 

Oct. 1-5 Intcrnaiinnal Syinposiiitu on Rnrnl In- 
vcsugations in the Zono of Aeration, Mnnit h. 

FRG. Sponsor. Technical Univ. rd Muni. h. (P. 
Udlufl, RIZA bymtxjsiunt, liisiiun [Or Wussiiilti- 
SJJS^ST TU Mdnchen, MarcliionhiWtr. 17, l). 
8000 Munich 70. FRG.) (Dec. 20. 1983.) 

On. 3-5 Symposium on Meteorology and Ocean- 
ography of Northern High Latitudes, AiHln.r.igi . 
Alaska. Sponsors, American Mcicnrulugital Sm U-- 
ly and AAAS. (Stuart Bigler, Naiiutnil Wcaihi-t 
Service. 701 C Si.. P.O. Box 23. Anchor.tgr, AK 
9y5l3.) (March 6. 1984.) 

Oct. 8-1 1 World Conference on Remote Sensing, 
Bayreuth, ERG. Sponsors, Univ. ul Bayreuth, 
Icxm Christian Univ. Center for Hi-im.tr Sensing 
a ?i En . er ?>’ fewarch, and liileni:iiioii.il Smiety 
ii'wW* and F.nvlroniiicnial Cheniislv 
(Leo W. Newland, DircctiT, F.nvinmmrm Sti- 
ences Program, Texas ChristiHii Univ., Fun 

IMHM)' 76,291 “ L: l ‘ l7JJB| - 7 *7l.) (Feb. 7. 

°r' Selamologlcal Socloly or America 

Meollng, St. ] amis. 

Atm™ V? 6 " C Dnd. «»r Faith and 

mioo £ h ^ nC ? d ?KS- ! ?-i- ni, P* U'tiv., I'.t). Box 

tJffiiSi 4. u, *• MO ? S '5p5 tvl.:31-Mir»H-3|2(».) 


ffiecker. General Chairman, I. os Alunns Nath.iwl 
k |P ( l ,,S0, i North American Like 

K»sSiaaB«^-*c 


July Sl-Augtut 3 Workshop on Fission Track Dat* of « ' 

X™)- ' - Sponsors. General Electric R&D Hvderabd A, ? e ™ b, y °f 1A8PZI. 

Lab., SUN\ at Albany, and Rensselaer Polvtcch- J?? 3 : (Molian L. Gupta, Organmua 

tuc Institute. (Donald S. Miller, Dept of Geolotn- CeanhvjT C 'l B ASI1EI R®pop»l Assembly, ^ailmiai 

mm” My '“ hm ,m,Ume ' Tro >- N ' Y 007 Idoci* 

Aug. 4-14 27th International Geological Con* Niftt 1 *',,”' “ 

grew, Moscow. USSR. Stv,m..« riAo 1St ? v - Mexican Geonhyslral u«t«. a .. . 


Aug. 4-M 27th Iniernslional Geological Con- 
greM, Moscow, USSR. Sponsors. USSR National 
Crimmuiw i for GeoltHv. IUGS. (Oraauizing Sm- 

X^°22 h ^ 7 ‘ h ,C " ln T' lc ™ IK 

ifsSR^j S,nrnmone,n V' Moscow. 109180, 

^*P5£" Conference on the Magneto* 
spheric rohr Cap, Fairbanks, Alaska. (Polar Can 
Mccilnu. AGU. 25QO Horida Ave., N \ V wLh P 
inUton.Tx: 20009.) (|an. 24. 1984.) ' h ' 

Aug. 12-10 20th Annual AWRA Conference and 


Ltser. Radar BP B«EvS&? 

J* «!■». 8. 1983.) frn4rW 

A if Jii! ,M call > r Conference on Water for 
Resource Development, Cocur d’Alene 
Sponsor, IlytirauUcs Division of ASTf iu B “°. 

^awaagsssfts: 


saS^33s-.sia 

S OT B.C 9 N. , MKt° P “ Ial 

*9*?- j° hi,n " ca - 

fercnee Coordinator, NyJwa 500 W vvT' C ° n ‘ 

Dl ^P n ^ 0 ,, 8 ! 4 '^ 

liSiisai m 
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Dogs your library subscribe to 
the Water Resources Mono- 
graph Series? 
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| .in. 7-12 1 7ih litii-i «t simii.il < ..ngn t'iin Hydro- 
geology nl Ruck* «r I .oh Permeability, T U no n 
An/ *»ii.Mt«..i«. 1 1 m- 1 it.iit<ui.il A\hii Liihtu nf Hv- 
diogi-iilugiti*. AGU. |E s SitiipM.it. lieu of [h. 
ill. >!»g* -inti W.ilrt ( ulli ue u| E.nn. 

in f nug. rut* \ nr. un. I in «ui, X/ 85721.) 
M.hiIiH 1 l r > Ami ii. . in x.nii t* ..I Photogninac- 
try -uni Aiiii-in.in t .mgu-** un Surveying and 
Mapping N.Unui.il Mu iiiig. U.ishiugtiui, I). c. 
iWAl.inl A Kim. I*. III'. j.i.MU PI . E.iirr.iv VA 
22M 12. ti I.: TIM -12 ’• hT'iit i 
April I - I Kiirnjiran Union nf Geosciences Rien- 
iii.il Mi i'liiig. Mi.ulwuiig. Ei.mii i*. (thganuine 
Ci.uiliiilli'r. I)i-|i1. ol I- ,u lli .Siu'iii rs, Univ. tf 

(I.iiidu iilgi-. I tnw mug Si.. I .ind.iidu.' CB2 3EQ 
UK ) 

Aiinl 9- 1 1 l-illti Aiiiiu.il Eiuiil R.IIIUC branch Hy. 
drolugy Days, l ull tl>i|lui«. ( 'ulu. III. J. Morel- 
Srsiiuix. I Virt III t:i*il [nuiiin iiiiu. Culnrado 
Sl.ih* I 'in* .. Em I I ulliii*. tVl ) hii523; trL: 3U3-49I- 
51 In m JT.l'ii 

M.i* 27 31 A(ill Spring Meeting, lljliimure, Md. 
(Mi-vtiug*. Alii 1 . 2IIIIII EUubla Air., KAY., Viutv 
higli.li, IM . 21 HU 19 t 

.Sum mi l t nil... |iii. i hi mi t i.iup.ii.iiiii' Stub nf 
MagiicUisplieru* -Systems, Ei.uui-. (Il.uiiiiiiiiue Le 
Qiiimu .ilui Brill Mih .|li-i • IV . In m-ii, DASOP.Clb- 
M-i*Atniii- dr Mi-iiiliui. E 92l9.'i, Mi'.iilun 1‘ruiri- 
p.il trdrx. E'ijihi-. Irli\- 2HH VWCNE.I OK.) 
(Aug. 9. I'Wl.j 

Jum-9-lfi IWKA I ilih IV.uld (luiigtrn. Brussels. 
Hi-lgumi. (Elllh W..| Id t 'ui.g n-*s On Water Rc- 
miinri, Bmi*m-Ii liu.-rii.iii.in.il (andrrence Cm- 
ire. I‘.in iU-s E'ai).>mm.iiiv leiu.Mmsirllingipaik. 
B-I02M liiu-M-k Bi-kgiiiiu: i.-l : 32-2-I7X-48-60; 
telex: 23-tiYA.i tAng. hi. 1'WA.v 
|um- 20-28 U.S. Sym|mslum on Rock Mrchmkj. 
Katiid Cuv, S. I i.ik S|m.iimii, X..mh Dakota Sthtd 
id Mines ami I •-• linolng* tE’ilri-u Asliwurth. 

( .Ii. ut in. in. 2tiili 1' s Sv mi mi mi K'vL Mr- 

. Ii.mii*. Ill |U. n| Mining 1 iignu rung. Smith Dj- 
k"l.i S. hi... I nl Miiii-% .m.i I ri Inn. lug*. Rapid 
(an. S|1 577111-3'i'iV M l i.»f. 3'l 1-2314.) 

Aug- 3- in IAMAI ,, IAl*SO J.hiiI Ass.-ii.bh. Hono- 
lulu. 11. n* .in i M> rung*. AGU. 2tmn Ek.nda Ate. 
N.W.. W.ish ii igt. .it, lit 'juiiti'.i i 
Aug. f. - 17 Stiiip.i«inii. mi Magnetic Anomillei 
uvrr llir M.iigm* -.1 t '•.I iIiih IU* .u.il I'l.uvs. 
Pug.ir. C/nhoslm.iki.i Spnii«m. 1 nu-rn.nioiul 
AsMiu.iii.iu nl InuiMgii.-tiMii .iiul Aifununu. 
(Willi. un | llin/i . lli pi »l tiiiisiieiui*. l'nriluf 
Unit .. Wr*i l .iLnni.-. IN l7'Kt7: tel.: 317-494* 
5982.) i Eeli. 7. I'W-l.i 

Aug- 19-23 Sixth Guild wana St m^mum. (;*mi- 
Inis. (Hu,. SiHyiiMii, t,S\. ill Elliot. U'liuMitf 
Univ.. liiMll.iir.il I'ul.n Sinriirs. Mri MriKlctiluH. 
125 Sunlit < lt.il Mall, t olnndai*. * *1 1 13- IjM , 
Aug. 19 3H 23rtl t.rnrrsl Aisemhly of IAS PEI, 

I »k)«i. |.i]i.in i Kt fMilr Sr. trial t-tn-urt* 

id tin- 2 ini t;.n. i.ii A'si-initit ..I iA.si;EJ;Mii" 4 
li-r (iiutn. C.ii ii . \k.i*.il .i Y.iiimLiIsii HMR-*"* - 

32. Ak.iwik.i. Nliii.it 1 1 ku. Inktu Hi7. |.i|uit; in- 
Tnkv.»(U3) 179 5 ill ) , . . 

■Sri 'I. IM 21 S\iiiim**Li mi Potasslc Volcsnlim nut 
Etnu V iiIcuihi, tJai.miJ. Iialt- S|nm*m. IA'(- -M- 
MI. Ei.iz/rii.t ,iihI I .ui/.tf:nnr. Imuhiu In'* 11 ' 

ili Villi . in* tlugia. V l« R M.iiRhenw. u. 

(Miania. Italy. I (I In. 27. I9M3.) . . 

Si-lit. 17-21 All'i; Arimi.il Mr.-liug. f 
Minn. (Kiiht-H E.. I'l riid.-igjM. 

Griiin luiii.il l-nginrninu C'MJ» ..I'-'i. 1 Uakuri 
Avr.. Kmvvilli-, MN 55113; id.: lil|<^'-77H-) 
till. 1-1-17 GSA Annii.il Mtiliug.,1 “ 
(Iran Uuduiim, liSA, IMK Hu\ ft MR B‘" lW,r - 
(■() 803111; ii-l.! ;IH3- 1-17 'Jtt'.Kk) 

I Vi. 9-13 AGU Pull Meeting. Sun 
(Mri-ilngx. AGU, 2U»«l l lmltu Aw-N-"-"* 1 
inglmi. IM ' umiHM.i 

AAAS Amh-i ii .in Att.M i.iliun lm die Advu , « fn,cnl 
A AH; Antrtkaii AwaLubm «d IVinsHutis CJco | »- 

Ijitit 

At .S Alltel h ,tn t '4u-ink <tl S»t» fel\' , . ,.„.i.wa«it 

A I P( ■ Auirtl.,m linlitiile ul i'nifrstiiww 1 lu l“^ 
AMS AiiM-ib.m Mrirm nl. .ul. *>1 •M“l ,,| y 
ASCF AiitriH mi Sm irl y in Civil l'-rrMi"^. . 
AWRA AiiH-ik.ni W.iln Rrjtuim-s As««lHiw» 
GSA (u-uiugitul Sm is-ly ul Aincika 
IAG Imnii.tiimmi A txtKi.il km "* 11 oll etism 
IAGA liiiriiHiHiii.il Axxmfaitiun «d Uconuigi*”" 

lAl'nitmemSiial Annctnlhm for Ilytirfliitc^ 

1A1 IS liiirmalinii.il Asmialinn of HydrdogW . 
1AMAP 1 nirni.it h it t.tl AsstKlathm of Meteorology 

and At in. is] titer ii Wiyska , . i)]«*al 

IAPSO liiirniiitlun.il Aswrciailmi ^ or ll,e ^ 
Srlemrx.tl tin- Ot r.tii rt^i.moksy*® 

IASPE‘1 Imrm.iilmutl AxxmiiUiun ofSclHW^' 
Physics ol the Fault's Interior vnWuolofl 

IAVCKI IntcrnaiUmal As«*iMton of Vowtuo-pt . 

anil Ghcmistry ul the Einrilrt In*®”?, - 

ICSU iMeniaikinal Council 
IUGG Intemaliunul Union of Geodesy . 

iJg^ Intenialional Union of 
IWRA I nLern.it innal Water Resourccs ^^ . 
MSA Mincralniritiil Society of Amenc* .. . 
SEG Society oiExploralloii Gwpoydau, 

SEPM Society or Economic I'aleonldogUU 

URSI Imcrnaiional Union of • ■ 

WMO World Meteorological Organ|»no« 
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Aeronomy 

<MWJ Iminncnu ml Technique* 

PULSE COMPRESSION TECIINlyUF.S Wit It APPLICATION TO IIF 
PROBING OFTIIE MESOSPHERE 

Ctsi A OiinialM* (Nnloiul Amonomy and lonotph.ic Crnlcr. Area ha 
Otrtcrvilciy, P.O BoiliMJ. Aidbo. PR Qinll) and Rufiatd K Woodmm 
Wo ibm that pulu tonpiaiih'° irchniquoi whkti u*t (rUul more Iban imc 
K ibfAenenLaiy Miiutnctt can Iw uoelul In IIF tadar prublni of the D*rc|k>n 
ol dll lonixphare The KU *>c propoK ben, hue an lm(*H .an. uhania^e me. 
Vit nmJaid complanraur) palrot toJe* they can eUraliuie E- or F-regtca 
muJiiple hop ectuci wblcti Inlerfeic allh [Vrealon uoh«« unco retail. aly ahor. 
.afji InurpiiiK p*rtoOi a.c uted Cnmequcnily, twin iltnode naolutiAn and 
radii tcullh.iy can he uibilanitaDy laiprawd over prc.iou. opertmenii by 
Culln| .he i.anunll.ar puL*e* and by wing ihonei lo.eT»l*e period* Seta ol 
iMnptuncnlaiy aeqaencea also po.lonn caberan. inicinil'Mi ul the rc«el*ed 
*l|nala and cao cllrelnaie the liu.runirnlal r.f Hat Pn icetAlqua hu bees 
Uited bl Arecibo In anceparimopi o. which »c mcaaure the iprcria nl partially 
reflected O-rculoa acboet. In this caprriareal, aophb.ln.ea proccaVnj hart- 
•ire i* jud to decode, lo pert.irre coheren. Inlcsretloa. and lu compute -.1- 
■ulianeoualy and ob-Ioic- the apec.ra ol rctioca rnun ?5b alihudat is ibe 
0-1J0 kra raopa IPulvc cotnprv-udon, IIF raJar. D-rep-in, rirpe allaanf. 

* N„» wl.h IBM T J Waiuin Rvuauti Cenler, P ft Hr.* : lx Yuri luwn I lari . 
M 105*8 

Pad. Ut., Papor J*i|V2 

M94 CaneraL (Tharocaphartc PyainlcAl 
OBSERVATIONS OF TEE DYNAMIC* OF THE POLAR TOEWOSPI1ERE 
P.l. Hays and T.L. Klltaan (Space Phyalua Reasarch 
Laboratory, Un Iveta Icy of KieHlgan, Ann Arbor, HI 48 1 09 J 
f.U. Sponcar and L.E. Wharton i^ddard Snoea Fllglu 
Cancar, National Aeronaut led and Spoco AJnlnlar ration , 
uraanbalt. MD 20771) 

R.C. Roblc and B.A. Enarv (Notional Cflller lor 
AtaoipharU Raacaroh, Doutder, O. 80)071 

I. J. Fullac-ToiroU and D. Rooa ( bc-parcnoni of ThYil i> 
•ad Aarronony. Uolvuralt, Coll eye London, london, 
tail and) 

L.A. Prank and J. D. Cravon (PopartBcm ol Physlca .md 
Aalronooy, Untvoralty of Iowa. Iowa City. Iowa S2242) 
Tha dynnlca of the polar Lharmonphora aro t-*dmtnod 
aalne obaanratlsna aado fron lha Dynareica Explv rar 2 
latell lea. Tho roaulta uaod to this atuJy were 
bhlalaad priaarlly fron tha FABPY-PEROT IKTERPFROMETER 
UTl) u n (In. VINt. ANI. LEMPUIATOPE PTTCTW“tlf ? .WATS) 
durlni cha (law pat led uxrandfni fron Sntoabor lvSl 
through January 1982. T«m primary gooplivaUal condl- 
llona ware examined, tbeao ware tha nouLl.arn and tlm 
oar.bem winter polar rag Lone. Tho an roaulta support 
tha cone lua Ion that nbowa bd dogroea af latitude the 
Metral wlnda are atrongW cant roll ad by lon/nautral 
IrU-cIcnal nomantun traoafer rasultlng from nagneca- 
•pbarlc convoetlao. Tl.la tapllaa that tl.o natural 
eoordlnata ayatam vtchln which to dlwplav tl.o neutral 
wlnda In tha high polar thecooaphura la r. agnatic coor- 
dlaatea. Tha coll acted abaarvatlona of rhta arudy wera 
“aad to aaaoat tha valid! ry or two ot tha large theno- 
•phartc ganarai circulation models. Tha reault of thli 
aaaaaamane wax that cha nndala reoaonat. lv repraaont lha 
Victor vtnd* at high altltudoa, but do ad, at praaont, 
■(■“Isbo cho thonodynamlca ol ibot ruatne. 

J. Caophya. Raa. , A, Paper 4A0141 


Electromagnetics 


E1 * et *onsgnotJUi Thooey 
KADIATIOH flELO Of A PERIODIC STRIP ORATING 
raCITED BY AN APBIUODIC LINE SOURCE 
A. 8, Barbosa (Centro da AnSllso a Proaeassoento 
Sinals, Comp 1 ex o Intardlaaiplinsr. Instltuto 
•uperlor Ticnlao, Av. Roviaca Pa la, L096 Lisboa 
*°“SS' Portu 9*U . A.P. dos Bsntoa and J.PL}anlcr 
The excitation by an spaciodlc magnetic lino 
■ouroe of a periodic atrip grating backed by a 
Parrectly conducting plane le studied. The orl- 
Siaal problem le transformed into a problem of 
dx-sitatlon end then solved by reduo- 
Ei0 HL ko * n °difiod Rlenonn-Ullbert problem. 

*2 radl-tio ii field ii calculated and lntat- 
in terms of the aolublone of the modal 
•ywtlon of tha atructura. The numerical 
*!. con£ lTn the poaslbla application of 
antJInj truCturo ln design of a laaky-wava 

fc G. Paptr 4S0229 

Theory 

eincTI 011 ® mLWI 10X Of NIOH TUQCEVCY flELDl NEAR i 
*A#iTIC— AN INTRODUCTION TO KABLOV'S METHOD 

Elalkowakl (llaecronlca Englnaerlnp Da par tunc , 
*»raua Uranara Rational Uboratery, Llvaraora, 
Ulifotnl!, MSM) and fl. A. Daaehampa 
it la wall known that tha isaeatriaal optica 
liS? . **•' Mural ly valid for high fraguaocy 
'Hi Is tha vie intey o* ■ eevetle. A 
( ""k n dut ta V. P. Maxtor whteh 
jMdtaa thla altuation win ha ravtewad in thla 

Maalav'a uthod maka* uia of a rapraaaetatlen 
! laomatrtcil epelea field in tha phaaa apaea 
.* * * "hara a point ■ ■ (v.ir) ia a pair of a 
poattt«D victor i t X uU wavavaeter f cl. A 
upiniUa aubunifmld of H, A, that Ilea In tha 

mtfaea arid la a union or tha ehxaa apaoa 
••'•atad hy tha Initial con d ideal la 
*®«Xn.at.d. It nan ha esnaldarad sa a global 
of th * P* 1 "*- The phaaa apart 
J *'™* 1 (balf-daultiaa) tatlafy trantport 
■Maeiena datlud along Chata trajacteriat in A. 

AvaJeeterlaa in M navar fata a einatie, ■ 
a °°*lty dafload amplltuda ean be aacabllibad an 
llala * 6 “ * *■ related ta tha raaulcant 

1 * B " h I the "canonical oparator", an operator 
-I S"**! b Z •‘••le*. K ganaratea an Integral form 
aa.1 !» ,0 J iiIUb ,,,r “ nauaelc ehat ean ba avatuatad 
numarleally, or with tmf fora anmptatlc 
aann lguta, Aw<y from the eautic it r reova ra tha 
•**retrleat optic. Maid. 

_ , ,riut i*elp..tha phaaa apaea field ean ba 
ranili Ud ““ * hybrid apaoa Y where eoaa of tha apaea 
"rainataa have bain reptaaad by tha torraepondlng 
'•vavaoter aompeminta. for any cauatls point Ip I, 
oat » b f b Tid apaea Y where thla projection deep 
ttaij eM>ntlr * •■vatic txiata. A ■aomatrieal optica 
« . raavlta lo V that la rrilatad to tha original ti 
j. , ln •■ymptstis fourlar tracafarm. lha aolation . 

* e,u,t,c ««n b * roprooontad aa tha reurlar ■ 
0lt , , t0 ,* el that )>yhrld apaea gaeortrlcal 

Idi !- rire Uluitratad with two ilaplt • 

,v_ problaaai’ ceotlnation of. tt(a field 

OH-aJS! * (cid caoatlo In ■ linear layer -adlaa and 
*1 th a Criap point in o taeariganooua 

Sol., Paper 4SQZ32 ' ~ ■ 


07AS Bolaa and Intarlaroeci 

I!&m l |!K^■i T,0,, ltmu 18 ^,,,0T,, “««■« 

of ciltfc!^ »•»■««« of Phy.lt,, Uolaar.lty 

u „;iS r ! U i ■«'“(•» rjMellf taolea MAC. Ilichl.a, 
na oyziD7 t. M. Maxtoo, t. H. Eoch, and J. Clark, 

In ramoca rafaranca aagnacotal lur le. one u ., a . 
magna earn. tar, local. d rypie.ll, aavar.l 
tha arigmatotatlOTlt .Ua, to obtain 
aatlutaa of tha impedance tanior char era uoblaaad by 
randen noiaa. HmuriRaati hava bean hade ol the 
corralfltften leagch ol ihie nolle bf mint ■ third SQUIB 

' ]aa . a ' ” Ur " e, ‘ T1 “ '"H'nre raa. or 
»a« oat trained aa a fuuctlon of lha aaparatloo between 
thi. ma 1 B ,to.,t tr aid th , magnmiotolluilc alto, and 
ooreparad with tha ceaeor obtained almulteoaouel, ualua 
the ramor. rolaraaeo. Thi, atudy ylaldrd tb. aurpri.log 
1 ■■? > ratlon ol aa little aa 200 m waa 
■uiriclonc to obtain on uoblaaad animate of lha 
Impedance tanaor. Tha aagnituda or tha magnetic noiaa 
yaa dataratnad with two different tachnluquei > ana 
Involving the Impedance taPior, and tba other Involving 
o a agnatic r rani far eeaaor- The aacond aethod produced a 
aubitaat tally lowar oatioata of tha aagoatlc .alia at 
parloda longer than about l aac. It la concluded that a 
com poo am of tba ooaa arlaaa fron tha non*plaoa viva 
nature of the magnetic and electric flalda. 

OBomatCB, VOL. 49, BD. A 

0760 Plane, 

KS'SCuS Su?55SS™ “ ‘ U! ™“ 

u,1 “l •»•««» beam ontennxo U 
planned In SEPAC ( -Space Expet loan ta with FaircicLa 
J3EM ^ Project, wto paper dlacuaaaa the 
Utod ""** ,r * * AMRlhV-aadu- 

£ ' '55!* an “ on * Injected .long th* * areh 

“•S. 1 ? f lonexphero. Strong relation 

i .? ;ir 

frequency and elaSrPon cycloCfon froijuancy, ftapacelra- 
theoretically for w app^ rt ,[. u a 
velocity. { Flaaaa, Antonnao, Electron beam ). 
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mn-BimouL tiuaiii corikctiobi in resistivity 

SURVEYS 

B. Troaas Rotcoaho IToraerly Oamtochmita) lxptnrailon, 
tnc., praaaat ly Sohlo Patrolei* Co., One Lincoln Centra, 
*400 LU Fra away, Sta. 1300, Ban Dlaga, LSI), Pal lea, TX 
7*2401 George I. Jiratak 

A tbraa-d Inane loo at (Uito-ateoinc computac algorithm 
which can accomodate arbitrarily ceaplax topography and 
aubaurfaaa at roc rare haa bean developed Co modal tba 
raaiatlelty raipoeaa of rha aarth. The algorithm haa 
undargooa aatanaive evaluation and la ballnaad to 
provide acttiraro rooulta for roaliiric oarth modola. 
Taating Included comparlaon ro acala-modol maaiuromanra, 
analytically calculated loiutiona, and raiulca 
calculated ouairlcally by atbar tndepandanl mama. 

Computer modeling arprrloanta hava damonarratad that 
It Ii poailble to remove tho of fact of topography oo tha 
teaUtlall, date even under condition! where inch 
efface! era large with raapacr to (he aubaurfiro 
raa ponara , Thla can be den. without rater tin, to laaglhy 
and coat ly trial-and-ar.or computer modeling. Altar 
correction, .be data can ba Inlarpretad aa II tha 
anonallaa era dun only lo lubaurfara alrucluro. 

Tho rooulta of caaa itudlaa on Hold data meaaured in 
hlgh-rollil topography Indtcaia tha following. 

1)7 fre- or poaiaurvay 1-D computer aoalyioi of 
topographic ella.ea are worthwhile and enn ba 
dona (or a aaall fraction of lha lurvoy con , 

121 Itiraa-dimanalonal terrain correction! can 
• Ignlf leant ly twprova tha gull Icy of aubaur- 
face Intarpritatioo In rarraln geometrlea 
which cannot ho oodtled with a 2-D alguriihm. 

Ol Terrain affect, o" cnlllnrar alectroda array, 
cm ba mini mixed by allgamaui af tha array, 
parallel rn the ilrifce of the topography llhei 
la, along atritalinaa nod ridgellmae). 

Thn cowpucing coat of performing *-D analyaai la 
reiatlvaly email compared to rha am-hour coeta required 
to Imp l naan t them. The total coic of a 3-D terrain 
correction ia typically aaall compared to tbc aurvey 
coat, aapeclally If one giaa tha generation of large 
aatnframa computer.. 
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TO MOIt METAL LOOP EIXCiyOKAORinC RI I FOB IE OF A THIN 
PLATE H A CONDUCTIVE EARTH: PART l— C0HPDTAT IDEAL 
HE TROD 

J, B. Knnnaaon lOntty Mine,, Limited, ISO Tork fierier, 
■ca. 1200, Toronto. Out., Canada H*H )f*l C. T. Halt 

Tha fraquancy-domaU EM raipoaae of a (bin van leal 
tabular conductor altuatad in a cwo-layar aarth wao 
obtatnad by aolvlnl the elaatric field Intagral aquation 
numarleally. Tha method nf point collocation and 
« .petition of tba acattarlng currant nomponanta In global 
pnlynomio baaio funedooa waa amptoyad. Balactlon of 
polynomlila which obey a boundary aondltlou of uo 
currant flow from cha tdg.S had a bouaflclal affect on 
tba raaulta, Aa tho mmkar of baala fu not Iona incvaaiaa, 
ch* aalutlnn converge! tn a at attorney value whisk la 
valid over a aafflolantly wide range at paraattara to 
permit the computer too of horlconcal loop IBIIngnml 
profllaa over a plica which sen be lerge enough to 
cumulate a aanl-lnf Inltc half-plana. Thn aolutlnn 
gradually woraana aa tha conduct ivlly enatreat batman 
the plntn and Cha hoar incrtaaai, and It eventually 
fall. In altuationa where aignacle Induction effect! arc 
eerong and alactrle affect! are oagllglbla. Tha aolitlen 
alee voreani aa the plate alia Incraaaea or aa tha 
vartical magnetic dipole eoorei approackaa cha plica. 
OEOPRmCg, VOL. 49, NO. 4 
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TO EOSIIOSTAL LOOP EIBCTWMAOVBT 1C 118 POSSE OP A TRIM 
PUTS IN A CONDUCTIVE EARTH i PART U—COHPOTATIONAL 
ggaULTB AND E SAMPLES 

J, I. Emotion IQatcy Mlaoa, Limited, ISO York Btraat, 
■to. 1200, TOrooto, Ont., Canada B*K )P*7 0, V. Vi!t 

EM raaposaa profllaa and Argaod diagram, of Cha peak 
profit* raapania havo bain calcularnd for tha borlaoatal 
loop (fi I Ingram) lyacam and a large vardcal place cargac 
conduecor ia a coriductlva hoar madiun. five boat 
boap|flDtoni hilf“ip*c« lad fout twlir>r 
ssrths— alnslsla.a range of field conditio*, and aurvey 
piriMurc. 

Aa Cha boat medium conductivity ia lacruaaad, the 
initial effect on the Argaad diagram of tba SUngran 
avoaaty (a a.all&bc eoualardoclcwlaa phaaa rotation and 
anomaly a oh me ament due to channeling of currant from 
cha boat nrdlum Into the co«duocor. Ptflhcr inericaci ia 
boat conductivity laid to ctTong oloohwlxri 
rocatlona md graator anomaly anhaocamanc, aiookwlaa 
phaaa rotation, continue but nvantmally the aqomaly 
become a attenuated whan propagation loaaaa inffarad by 
tho fiolda In trnualt through tba boat bneona nora 
algolfiaaric. • 


Carbanifarcua. Tha movraaata reflect aubaldanca of tha 
Pltaroy trough, which in bcc inward of the Leonard cha If. 
Tha anal pale alaa ahowa a progradlng aedlmant vedga an 
lha margin of (he Leonard ahalf to hava bad taaperarurea 
In tha rapga lld».n«o G <iBe , PaTB | an tl „,. geing 
within the thermal oil window for tha paat 2B0 Ha, the 
udlmenl wedge may be a goad hydrocarbon proa pact, 
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COMPLRS 1EI8HIC TRACE ANALYSIS OP TRIM (IDI 

Jamei D. lobe reran I AID) Oil aod flac Coop any, P.O. Lax 

2BI9, Dal lie, TX 7*211) Banry B. Bograi 

Dliplaya of cooplcx trica attribute, can halp to 
dafioa thin badi in aaixalc nctloci. if rha wawclat in 
n .action i a aato ph aaa , i oa impadanca at rata whom 
thlcknaaaai ara of tha order of half tha paak-to-paak 
period of tha dominant aaiamte anargy akov up aa 
aoomaloualy hlgh-amplltuda aonaa on Inatantannoua 
amplltuda aactlona. Then andmaliao reault from cha 
(Ml I -know* amplltuda tuning efface which ocenra whan 
redaction coeffiolanta of nppoiUn polarity a half 
pariod apart ara convolved with a aa lamia wavnlat, Aa 
eh* layer* thla to a quarter par lad of th* deal* ant 
aelamte energy, chinrnlgg ii revealed hy un aoomalooily 
high value whan bad thlcVoaaa ia about a quarter pariod 
and ramaina high aa tha bad continual to thin. 

In thia paper, complex trace snalyel* in applied to a 
lynch. tic modal of a vedga and to a eat of broadband 
flnld data acquired to dolinaato thin lanaai. of poroua 
■and! tori. The two can itudiea illuatrato that aata of 
attrihuta dlaplaya can be oaad to verify tha praaanta 
and dinaniloa* of thla bedi whan definition of tha bod, 
ia not abvioaa on conventional aclinic aacciona. 
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USE TIKES Of ATTEBDATED 1811X10 PULBES DBTECIED IN BOTH 
EXPTY AND FLUID-FILLED CYUHMJCAL EQBEE0LU 
D, P. Hair ICgllO, Dlvlalon of Applied Oaomachanloa, 
P.O, Boa M, Mount tfavirly, Victoria 9149, Australia) 

Pouriar-gaiaal theory ia uaad to darlva f liter, 
raprteaating tba influence of bock empty aod 
fluid-fit lad cylindrical borehole, on parlicla notion 
Induced in rock by a plana P-vava Incident perpendicular 
to tba hurahola axil, for wavalaagtha graatar tkan 10 
cinaa lha hurahola clrcumfaranct , tha efface of tha 
borehole oa particle not Iona ia ahown to ba negligible! 
thua tba roaulta hava lilt la relevance for Che long 
wavelength! commonly encountered in earthquake 
■elimology. The raaulta ara, however , ralavaat to tho 
atudy of atraaa viva propagation at ultraaoola 
frequanotea In rock aaiaai. Par email wavelength! 
lan>3,0l the filter repraiiritlut pirtlda motion ca the 
wave incident aita of ne amply borahole reduce, to a 
lloaar plan filter which incraaaea all m^lltudaa by a 
Factor of 1 while tha filter rapraaenciDg fluid airoia 
at tha cantor of a fluid- 1! Had borehole may ba reduced 
to einple aathenat leal axpraeilona. Kxpirfaeotal raanlta 
ware obtained for lha interaction of a atrcaa wait with 
either atcalcromitarc mooulad in an empty borahole or ■ 
hydro phone located ceot rally in ■ fluid-filled borahole. 
Both theory aod experiment ahow a almilar diitortloo in 
eha rial tiaa of the palea travel log paat lha borahole. 
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INTERACTIVE INTERPRETATION OP SEISMIC DATA 

Anthony C. Gerhard, tain (Trail lnalruaant* Incorporated , 

P.O. Sox 27441), MS IM, Cilia,, TE 7926k 1 Allatalr R. 

Brown 

Interactive lot erprel at ion ia urgant I y needed lo 
Incraate the productivity of lha vorld'a hard-praiaed 
aeiratc loiarpraieri. Thla paper daacrlbaa cha un of 
in incaractlve lyacam (hat dlapaya laiaalc data lu color 
on a tilavlaleo acreao. lha ayatea Ii any to via and, 
by autduit ical 1 y mailing tha dan baaa for cha 
Interpreter , permit, him ic epand a larger portion of 
hit lime on the thoughtful prorata of Inc ar prat at Ian 
Itaalf, A 3-D dua voluaa can hi atudlad la altnar 
vortical or horlxonlal lactiou form. Tha ayatam can 
equally will handle lha Irregular grid from a I-r 
aurvay. 

In rha couraa of Interpret Ins • taction on rha acrean, 
tba inlerprattr >■> manipulate porilom el chat aac I Lon 
In i variety of waya. Na my make coapoalta dlaplaya of 
multiple placea of dara, track horlaone in cutomatlt or 
manual oedta , and aaom parclona of tha data to any 
dealrad cat ant . An lotcrpratat Lon made on one aact ton 
can latar be vie wad oa other aactlona narked at tha 
point, ol (ntaraacciop. Data can alio ba flatten,! to 
aid ia ilructural and at rat (graphic lot etpratatieni. 
Working aapa can ba produced at aay tiaa (a chock eba 
progrcaa of tba interpretation. Plaal map* cam ba 
emontbed and manipulated to yield liochren, iaopach, and 
athar nap prodaaca. 
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AH EXFEBIEXBrAL TEST OP iHUVS ABUOISOPY IM STRATIFIED 
MEDIA 

Pacrlck J. Malic (Pormirly Ttiu A4H Dnivorclty, Collage 
Station, TX| preaent ly ARCO Internet Lonel Oil and Oia 
On,, Lot Angalaa, CA 90017) Richard L. Carlion 

Xu tbaory, at ratified madia In which the layer a ara 
alaailcally homoganioua and iiotropic approxlmata 
traaxaaraaly laotroplc madia with n uia of aymmitry 
parpaidicelar to layariug when tba ailenlo wevalangch La 
muftlclanLly longer chon tha layer lyitiat- Thn 
ptienoaanno haa apparamcly bean obaarvad in field 
maxauraannta, and acouatic an lent ropy la daap-xaa 
aadlmanta, naaaured la tha laboratory, baa ban 
atcrlkutad to fima-acila bedding lanloaclana. Moverar, 
co cha bate of our knowladga, no rlgoroua cant of tha 
tbaory haa bmaa made. Ra hava made a partial teat by 
mrihlog laboratory nnaauramants of coapraialmnal-vaei 
velocity parallel and parpand loular to layarlmg ln 
fabriettid lamplaa conalarlng of glaaa and apoxy. We 
found no etat illicitly aigmiffcant difference bitwaan 
obae treat i oo arid tbaory in chia limit ad caat , Pur char, 
having uaad aavaral frequann laa , wo found that tha 
valociliaa prograea ive ly change farm tha long-wave 
ualoea toward (boa, predicted by Eha tlme-avaraga 
ra let loo, aa axpactad. Ilnally, it haa baan propoaad 
that the Iwg-viia appro. Imat ioa ho Ida when thn ratio of 
thn aalanic vava length to layer thlcknaaa ly/ij la 
10-1GS. We found Lhai cha mluimam ratio waa highaat in 
rha midrange of composition ihulf glnea, half apaxy), 
neon though the nampla* in that range hava cha imillaat 
combined Layer thteknaa*. Tb La raault auggaata that tha 
frequency dapeudmea of aoi act ropy in layarad madia la a 
function of tha proportion! of the malarial, aa wall aa 
the thickaaaa of lha layer, ■ 
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PUDWtnVX MCDJPSOLDTIOB AMD THI XRKD-PEABE BQUkCE 
Iruca Olbaoa IVaatara Oaophyoleal Company, P.O. lax 
2469, Houatmm, TI 77191) Raa Larnar 

Pradicciva daaamvalutloa ia comaonly aypllad to 
ae teals data generated with a TLbroaaLa ipnrca. 
Unfortunately, wham thla proeaaa Invohaa a mlmimia*- phaaa 
aaauaptlon, tha fbua of iha raaulilag trace will not be 
correct. Rnaatholaea, cplkleg daconvolut ion la am 
attractive yrocaae bocamna it raatoraa actonuatad higher 
fraqutcclei, thua lncraanlng rnaolutiom. Par decided 
eirel Igiapblc analytaa, hevevar. It la daalrahla that 
tba phaaa of the data be trailed properly ae wall. Tha 
moat cmen aaluclod ia ro apply a phaoe-ablftlng filter 
that correct ■ for error, attributable to a aero-phiae 
aource. 

Tha phaea corrocclam la glvan by tha mlnlmun-pheea 
epic era af the correlated Vlbrneele wavalar. Baeauae on 
mi nlmum-phaea epictrum truly niece [or (bie 
bend-) ia< tad wavalrc, while noiia le added ro Ice 
amplltuda ■ pace. rum in ardor la dnelga the phaee- 
Gdrractlon FLlcar. Different lavali af white noiaa, 
however, produce markedly d( f ferine reeulia whan field 
data net I one ara fil fared. A einple argument eoggitie 
that the amount of white noiaa u,ed ehould natch >be( 
added in daatsaiag the I m i a Lmum- phcca ) aplbiag 
dacomvolut Ion operator. Thia choice, however, elio 
produce. Inconel at am raault el field data again ahow 
that tha phaaa treatment la aanallUa to tha annum of 
added white nolao- 

■yarhaclc data teat, ahow that the atandard 
phaea-correcr I on procedure breake down whan aarth 
el cancer lur, i a aavara, DacermCnler l< el ly reducing chi 
aartb-flltir affaeia before dacenvoluc ioa Improved chi 
mule leg phi ii creecaent for lha aver hoc ic data. After 
application of the inverio attanaellen f*Xter m the 
field data, however, pheei dilferancaa again lonein far 
dlf Ferenc level, of added white unite. 

Than Incnne iecinclii are artribuiekla Lo (he phaeo 
action of a piking deconvolution. Thla aceton la 
dopaadant upon tho ehipi of (he a > goal apace run a a veil 
an the epaccral ahapa end laval of coatauloactng nolee. 
Vich eucb knowladga, one could apply dicarnlniet ic 
Lachniquae char aflhar allninxca the Bead far 
aratleclcql deconvoluc ion or eoadltinn (ha da(a ra ae ro 
eatlafy bettor cha a(aile(i<il modal illumed In 
d«t a -dependent prevailing. 
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appropriate Argand diagram h « obaaa* i co obtain from 
anomaly profllaa aaelmakdn el.eonduncor depth and 
cemdnertnoa which are iodapnndant 
frequency. Three caaa MiLeriaa auppdrt thia eialm, ana 
of which givae goad ogre leant batwaea modal and. (laid 
data over four octavo, of froqaancy. , 
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BEIBKIQ OBaigTOM' ANALYSIS— * CABB ilgTOIY PROM THE 
CAWING BABIN, MgTEU AU3IMLIA - 

N. r. Middleton (Formally WL Awatrnlia Pty. Ltd., Vaat 
Parch,- Auacrcliai praaintly Ovologieal luyvaj of Mae tern 
Auarralis, 66 Adelaida TAmaa,' P*rth, M.A. 6000, 
Auatrclia) j 

Balamic gaohlJtary. ABalyala ia a mntbod af 
. raboaa tract lag aa Imcaxpratld amlimlc lie den, aaimmini 
■anaratikad poroaicy-iravdl(l*« dapth-travalcima 

reletlone.. The aatfiod caa ipdieatA timing of famlc 

■MMjttt, JuiBipealClflfi ot inlU-wrtfi radlti la Cnv 

Mat; amd dapeh mr tcevalclae to.apanlfif rafiaerlca 
hariioqe throughout i gnolngie clMOa. - ■ 

The ratbaii annlUd to tba babnard ahalf pf the Oanalng 

fault ayatam occurred during tba. Ordovlaiad and Hlddia 
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Claitic anti |igpt|aE log in a periodically Ityirnd 
sad inn exhibit transverse liotropy, provided tha 
u***l*ngth ]> leg cuptrU to tha spatial period of tha 
lay*r itqutnc,. tha all* tie eaottinta at tha losg-w*»a 
■qalvalcnt tntivarialy liolrgplc aldlia aan ha 
cslcolatad la aavaval mya, all of which batad aa 
th* Haiti oaa altkar dataralnat froa tha 

outset tho aacrosaopic (la nirtjt hoaejanaoua) 
airataaj, or caa d,t* rains* (ka dlaparalon aqaatinn For 
■ ach aail a and evaluates (kit aquation for Lou 
traquanctaj , loth approach** (laid tha aaaa raplacaaant 
radius. 

Th* laplacaaan at a 1 apart! aadlua bp a kowog,r*ou, 
trtntaaraalp Uotroplc aadlua la JaatifUd If all 
wartlangth* ara tuff la iantlp long. Mlgh-raaolol Ian 
Mshniguaa, ik« Ucraailng uaa of ahaar vavaa, and 
at tact loo to atrati|raphi« da tall require a qu,ol it at iv* 
araluatleo of vfaat it raffle lastly Ion*, aa uall aa a 
study of mb*t happ ini lor vniliailhi Vnwn that Uall 
and tha Holt of raaalut Ion. Such Inforaatloa can he 

obtained through a tumeric a 1 evaluation of tha gamer, 1 
dlipiraloo aquation i ana obtaioe th* fraqaaacp aa a 

• alocltp la aha P * ■ h/lk’kj aad tha group vilncity l " 
irad(a> In general, hath diaper, loa and mltntrnpy ara 
to ha aapacead. 

Iklt attbol ku ham applied to SH-vaxa* In 
pailodlaallp laparad mill In innnral, and tba 
diapnrnloo nquttion hna bnnn tvalutsd nuanrlaallp for 
two tepronantatira nadla. Th# anal a i gulf lent raauU la 
that tha I oaf-va*a 1 an g tha approach) I .*. . a 
■Modliparalvn traotaarnnlp Inotropic raplacaaant ullia, 
la atrial Ip valid for uavalangtha Largar thin thraa 
than tbn apatlal period of layarlng. for email aaglaa 
tpltat tha virtual, dlaparalon (nr thoctac uttlMtik 
la algolflcaot. Kovavar, for dlmtiooi making in aagla 
of aara than (boat 30 lagrtia with tha vartlaal) 
dlaparalon aata in at auob nhortar vava ling tha and la in 
gnlral anch aara gantlo. 
ampNiaici. m. *9, ao. 4 


OH) Centra I er alaeal lanaona 

hut ruw tv th uim uni duiuiud non lonoH rou 
nmuTm unj urt 

Bavld I, Chapaaa (DeMrtnant of Caalogp aad Banghpilcij 
University of 0tah a TIT V-C. griming lldg., Salt Lake 
City, n 64IIMI81I T. B. Ktho, Klcbaal I. Iiuar, aad 
H. Dina Picard 

tka tba rail raalataaca (ar lallaidl aathod la uaad go 
Judge tha utility af patrolavn wall battaa-hela 
troparatura data U datatnlolag aatfaca heat (lew and 
aabMifiea taoparatara pall* re, la a aadlnantirp baaln. 
lharaal Tsalueac*, daflaad it tha quollaat nf a depth 
paraaaiar M aad theraal anudaatiaity > 1 , govaraa 
aabiurfac* taoparatwria aa (ellavai 


T . • fa * fa iWK 


•hare Tg ie th* taapdtatura at depth a - B, t (■ th* 
iaif*«* teaperatura , |. I* aariica hut flaw, aad tka 
Ikamat raalatanc* lUAl la iwnad for all tock uiU* 
katvaaa th* aurlae* and depth I. In prMtlea, 
kHioo-hola ond aarTaca lenpeiaigra* ar* csoblatd with a 
Matured nr antlntitd akarnat conduct Ivlip proll la to 
dtttraiae lb* surf*,* bear flow q g which, In tarn, 1 * 
a a ad for all coratqnant aubiutfaca taoparatura 
aaapulatlana. 

Tka aethod baa baan applied to tha Tertiary Dint a 
• tala, Borthaiaiora Utah, a bail* af initrnadtata 
gaalogie coapliiliy- ainpta tituciurc but cnaplai faciaa 
falatlonahlpa— wtiarr coat Idatakla wall data ara 
■vallabla. Bottna-kala loreperaturat war* abtalnad far 
II aalaecad valla whtri aulclpl* walk logi ptraittad 
correction of teafaiUucaa for dctlllag «ff*cia, Ihaiaal 
conductivity valata, dal ara laid for ill aaaplti [ na 1 
rtpiauntatlva wall* varying in depth froa 470 to }IS0 


o. together with available gaolegtc data uvra oa«d to 
prodoct cnoduatlvitpaap* for each (.melon. «P» 

■bow Intraforatt looal variation acroaa tha baaln that 
ara aaaoaiatad with lateral faeiaa ehanfaa. For not l On 
tklckaaiiaa naadtd hr tha tharaal raaiitaoaa ouanntioui 
nr* ektainad by ntlllilng apaiulaalnly 3000 valla to 
th* iupbo Patrolaan Information Ilia, Coapotatlona warn 
facllltatad by daaarlblog all foxnatlon »o«»«l» aa 
fourth-ordnr polyvoalil lurfacaa. 

Araraga gaatharaal gradlaat aad halt flow far tba 
Uinta halo arm 2S°C kn' 1 nod 57 nw/n 1 . rnopaatiralv. 

Beat now appear! to doors*** ijatanatloally ftow 15 to 
AD abb" 1 fra tba Duheana Bivar northward toward tha 
, oiih flank of the Olnta Xauntalaa. Ihta dacraaia aay be 
tha riiult of refract Ion of hail Into the highly 
conduct Iv* qnaitaonn Pratmbrim Uinta Vnuntaia Ocaop. 
Kara likely, however, It 1* related to groosdvatnr 
recharge lo lata Fnlwiolo and Maaaioio aindatane and 
11m il on a bad* that flank tba couth alda af tha Dlotaa, 
Bait flow waloa dataimlnad for tha aeuebaiat portion of 
haaln ihow aom acattar about a naan value of 14 * v * * 
hat no ayatenalle variation. 

OKMffJlCB, VOL. 49. NO. 4 

■HP twaral (onephyalsa) 

gravity imp hwhomc rfidoncr id* a suwmo zwtwiion 
Ml miMtu in*, no aqa rut am, rwaor 

David A. poom llraaak of flaophyalca, 0.8. Oaolofloal 
•array, IdS MUUnflnld ltd., U M9, Male Park, 
California 94B25) 

Brevity and napnaUe daw aatllu a broad aaotaly 
near Vahaonla BUai By* Cetnty, Havana. A poaltlva IS 
aBal frAvity anouly with a atiap waatarn pradlaat and 
a broad a. pi* tic aaonaly eolnoWaat with tba gravity 
high oharaotarlai tka araa. Two-dUuinaloacl otnpaur 
nodala at th* gravity data ware aid* nlltig aagMtla, 
■alMlo, and alaotrlo data aa lodapandant 
ooactralnta. lha oodala Indicate tha gvaaaM* of j 
■hallow relatively high dapalty body of 2.4B kg a* 
bar lad nur Vahaool* lit*. AaranapMtla and *ro»a 
aagaatio data alao Indicate tba pritanon of a large 
a hit low body. Two nallar looal aaqoatle bl£a that 
acaor Along a aagaatio ptcnlnuaa mtandlng northward 
fra tha broad aaaaaly dlraotly ooiraUta to 
fitudlorlta nvUnpi. Ihla ladloataa tha a*ln 
jDcaaly la (rnduaad by a la 19 * ahallow latrualaa. 
(Ortvlty, uagnatlo, granltlo letnulon). 

J. Ottphya. Baa., B, fapar ABDJ5J 

Geomagnetism and 
Paleomagnetism 

dkau lie* Variation, raleopagnatiaB 
atlurlJlL arntAUlMl AM) BUT PAOfAuAUOM I 
btw PaUUMuhaTli.' Aab l,MiUlM>fi'JUi,IC DaTA FauH Tht if Ah 
MICtn PAhblVK MU. la 

V. Muit li lot Unit Hut da tnyalqu* du uioba, Ur 1 vara I • 
td tar I* o, fart*. 1 ranee), J. Achacha , y. Lindra, H. 
t»(wio<M( , H.Y, ualibart, a. Hontigay and G. Idruul 

A racial naaal propo*** that Afar la on* of Ik* fau 
araii in tha world unara th* lormarion oi a pualva 
oargin by rtit propagal Ion can o* ob.arvvd directly, 
korty alia* apraau over apptoxlutely lu O0u ko 2 <o 
tna kapuoilc ui DJiooutl, batman tho Mil aad Atha 
rlfti, have bran iMplad tor palaoaagnatic and gaoebro- 
no logic otudy. mat vault aanplai tn, a amgli atabla 
■agnatic eonpoeant, of tin already clear lo tha RDt. Th* 
ranaocat direction of attaa younger than about I Ha la 
tctttlAlant wlln tha aapartaA axial dlpola d tract loa, 
uoaraaa attaa bitvran l.Ji •« 1.2} Ha old fan, a 
■icrobloca tnat via rotated by IA.S* t >.}* clockvlaa, 
praoanly oarwean 1.1 aad I Ha. Iba rotation ia auribu- 
tau lo rlic propagal ton. Thla atudy ahowa that aprea* 
oing ana ritt propagation m Afar ara aplaodic and lead 
to altarnalo "■(fualva" and "lac ionic" phaiai ual aay 
oi ul gtnaral aigollieioc* for accreting plait bouada- 
«*«»■ upvtodvo cpr aiding, (ill propagation, palaowi- 

insM 0 szr8c a hpS^asjr avtM - 


Hydrology 
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OF iKHRACTIOhS BEIWEEH A FOULR ICE 

STREAK AND THE QCEAK: APMCATHW TO ICC STREW C , 

cS/EfllK (Cooperative Ins 1 1 L^BforRaseirih 
In EBVlrojnwnUl Sciences , University of Colorado/ 
KQAAi Boulder. Colorado 80309) 

A time-dependent eurerlcal model has teen developed 
to study the dynamics of > polar lea itream grounded 
below sea level. The modal uic Applied to Ice klrem 
E. dm of the bn Hit Kiln Ice slroari draining 
tho (toss See lector or tho Host Antarctic Ice sh««t. 
Tha retarding foree, or back-stress, frjyn the floating 
Ross lea Shelf needed to hold the modal grounding line 
In rhnarile equilibria ms found to coifar* cloiol* 
with retarding force wppod Tran Hold data by e«r]ier 
Investigators. This InpIlM that tha qroundlng Ira 
of Ice streom E ie In fact clot* to dynamic ■qulllb- 
rlim, neither advancing nor retreating rapidly, ir 
tha lea stream and its catchment area ara approsiMt- 
ely In mss balance. Sensitivity tests (hewed (hat 
the modal ica stream <■ more sensitive to charges In 
bicfc-strus freei the lea shelf than to changes In (ho 
Kcuuletion rate. Changes In back-stress can be 
caused by changes In tha averaoe thickness of the ice 
shelf. The node) was used to simulate retreat of the 
Ice stream from the edge or the continental shelf In 
the Rost Sea during the Holocene period of rising loa 
level. The soa floor ms asumed to he MosUtkally 
depressed, but to remain rigid during retreat. Tho 
effect of the esaiMd retreat history of the Ross Ice 
Shelf on the comuUd timing of grounding- line retreat 
was Investigated by considering several alternative 
lea shelf histories. The results support the conclu- 
sion of earlier invetll gators that tne Ross Ice Shelf 
caused the groieiding lino to stop retreating near Its 
present position, after extent I ve retreat during the 
Holocene. In eddltlon, the tilting of retreat of the 
calving front of the Ross Ice Shelf exerted major 
influence on tha timing of retreat of the Ice stream 
grounding line, (lea streams, West Antarctic ice 
shoal, glacier nodeling). 

J. G*ophye. Ha*., C, Papar 4C0274 


Meteorology 


3711 CtMolcal Csapoiltioa 

Bion-i soum.1 Aneamuc tracs oases in ths bouth- 
uistiM (norm statu, i. iNtaaNic spiciur kb* , hhoj , 

0. A. Dawaon (Tnetltuca nf Ataonphtric Phynlea, Unlvne- 
alty of Arlioaa, Tocxn, Arliosa BS721), J. Carl Paraar 

Atwepbarlo concantiatlona of KHj , XBOj and SO; hiva 
haeo aaaaurad at a variaty of nitna In cha aonchwietaro 
Uni lad 8tataa ovar tka laat raw yaac*. Saopllag vu by 
condaaeatton coUaetlna, Over nek of tha ration, Mb 
la aiMKlatad prtnatily with agrlculcural activity, HHOj 
auacly with urban aaliaions, aad SO; with lodunctial 
afriunt. Howvvar, ratatlvoly high lOg cooctnmtlooa 
(1 pyb) warm ohaarvad at a moil cuntal vita, iodl- 
catiog aubatantlal aatural tolaaaa of aulfur coapouoda 
In thla neon. 

Data froa n rnlitlvnly raonta altn in Soutbarn Adiona 
ahowod that coppvr railing la thn rag loa Incrouad BO, 
Inal* froa 0.3 to 2 ppb and probably cauaad • nail 
tner*a*a lo HHOj lovalo. That* nti larga dlunal vari- 
ation* oT bath caapoamto, though parhap* with diriorant 
caul**, 

Urtan coaciat ration, of 80] aad HKO, vara onaffaetad 
by raltlng. 

Lavala o( ffltj varied with proalalcy to agrlcaitural 
aoutc*i. Avarag* valuaa of 10 ppb wro obaarwad doaa 
to a raeaatly fortUMad flald. Tha aoat fraquant eon- 
cantratloa abaotvad at thn nor* mota attaa (takao to 
ba background for tk* araa) vaa 0.9 ppb HH, . oiufnal 
and •monal variatlap* of HHj i*ra (Mil. (AoaMla, 
nitric acid, aulfur dloaldu). 

J. Goophya, Baa., D. Pip or 4D0224 

371} Hataorology (Chamleal onwpoaltlao and 
cbanlcnl Intnraatloaa) 

HEASUUHURS OP nBATOSPURIC nCMlta 

H. A. Sadi sc *k (loa Aina, Hatloail Uboratory, 

B75 «J *°d A. L. Laeraa and 

1. «. Gudrud, (National Caaxar for ACMipharia 
1* lurch* , Soul dir, Colorado 10307 

Proa 1974 to 1977, aolaculai containing aoldio 
»«P»na in the ntr.k.apharo ualng 
cntrnbntyl iManlan kydroaldn Lapragnatad riltar*. 

** alfcrafx an! 

nigb-aitltuda balloon, , a panning latlcudan froa 
thn agantar tn 7}*g md altltudaa up to 36.6 kn, 
Aaal ytUa l raiultn am rnpartad for 4 yoaca of 
aatanraaanta and fox Uboratory ilnaUCloon that 
da taralua d thn fllcnx coll.otloq affictaiielaa for 
a uumi of hxonlnnLvd opocloa. Kaaa mixing 
rotioa for tho ooUoctad bronlna ipaoUa tat air 
avaragn nbaue 17 pptn la thn acratoaphora. 
fanaaail vorlabl Itty aara to ho rail, (Bronlno, 
iciitaipbarlc, hoUgana). 1 

J. Gaopbya. Ron,, », Papaz 40D2CS 

S73S (lUatrUal ** 1111111111 *) 
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J. Ctophyn. Rag., 0, Papar 301981 


c.'nxii>mniak llwai 1 umll , l.val praclpiuiin 
Bar In] atinll aaltnlty dot Irlar. y. u*ln» (h, 'hjr 
ate* valua with *».**• rjawata glvva laoa-tiia 
total n*t pi.4d.illw n-1 naneport aatve of C.li h *1/ 

Ira, anl 0.18 Be ..( aotwocle r.w^ r.nt. utlu | U ,?| 
walai not bk'laled. II, In a.Jlttinn, g itiaoukl. 
d*pth pfuflla uf i*lnt Iva Cuflanl vol.wuy la a»iJ 

*«« ‘b» • yearly ..f 3.g Sv of Atlanta 

anl B*rl**j Sttall watai la nv*d »1 to tapltnlmi 
pwi an.1 halivlino waloa. Th*a» nnutu WovuT 
qi**l t.t I2i>4. ai>1 at* nultl-paai auariju, p. , “ 

u-pa date clvaily dulti-ata rtut et„ma g u i, „ T 
fltm aiaa for Atlantic wato tu ir* f a n n , j. 
nat *i)ui( i<( lc* nvuia |h*fa. 1411 

I. Gc»rht*. Pc*.. pgpwr *i-'IS} 

*71 1 Ulc.ulallun 

UfdkltfAf IWS i‘f INK VpAtll-AL smi-R-Rt op TM Effir 
rifUl IN TIIP. fUUJIHln (AThNlll't 

I. J- Sv'lalll, Jr. (Viiu.1i Hiiln G^canu graphic iBitiiu- 
tlnn, W.i.id* Mol*. Ki**a>-<ii|goll* OfSSJ) 

N-HMlUrd »ln*(lr onorgr Iraqvenry dlitrihitloag at 
a *l(n In tho Pui.-ahin rxtrnili.n along l}]| u a 1 ^, 
pendent nf dapth a* a gimd ((til •pproalMllen. Tha 
Iowan fro'iuanclv* oaa ■lanngly teiikcilly coUiut 
fro* 3MI tu 6000 ■ dapih* fi.viaitul). Nun* of th* * 1 ]*, 
vartlral ink* tlaw> aarlw* pievlmnly vvanlra! pci- 
•■■a thaao rh*fnrt*ri*i l,n lu au.'h o 4egr«a, caktriici 
being tyiilrally woch Inver bmlween IheiMClIn* and 
obyiaal dapih*. with aportral ih*^ tlmnglng ilgntl I- 

ranl I y an wall. Ilia vartlral dlilrlhut Iona ul ti4f 
klnat lc *unrgy at thin Hun.ihln fxtrnilun ilia and (« 
tha Ctilf siraaa alung SSW nr* ,*iy lUUar, If a daMk 
independent ruutr Ibullnn ,.l approaliutaly 100 (n'a*' k, 
added la thn Iwn-r. Thn Utter nhiervilion iugg*lli 
thn axlitonrn o! n i».ro auargallr waakly-dapth- 
dependant runi.mint I nr l Im eddy Hold in th* North 
Atlantic tli au lor thn Nuith Parlllr, «t ipvelgl | M . 
Horn in the vielnliv 11 f thntr aid-lot liuda Jnla, pci- 
albly a algnnlaira ol dint inn Inatgtiliiy nachanltaa, 

J. Gtophpa. Sen., Tapar 401277 

4723 Eatuartea, bayi, and fjord, 

PATTUH8 OF SISPRNDf.D PARTtCU D15TRI BlrTIOef IN A UH 
fJORD-UU ESTUANT 

Edward T. 8*k*r (F7HL/NHAA, 7400 Sand Point Way n, 

Bldg. 3, BIN 05 700, Seattle, VA 98 US-0070) 

Beaaonal and apatlal pattern, ul the dlalrlbulloa 
•nd transport ol auapcnilcil partlclaa In Puget Bound, 1 
large fjord-ilka r Unity, air a product of the inter- 
action of thn tublldal circulation wub turfart aid 
botlpa pirllcle aoutcra. Tbr parllclo dMWlbullaa 
dlffara from tha dlitrlbuiton of bydrogaapkic prepar- 
tte* aod ia rbaractorUad by four p*ral*tinl fertonn 
(1) a thin 1*10 a), high turbidity aurface 1*T*>| 

|2) a thick (-30 a), law- turbidity xaae c»U*r*d 

■round tba leva! of no-net-Botien batuaan oat atavtrd 
and landward flow; (3) boriiontal parttcl* front! it 
thn at II oatrancati and (4) a bottoa naphelold layer 
Mlntnlncd by local xaouipaoilon. Rcaoval ef parti- 
cle* froa tha aurface wolara by advcctiva davavtlllsg 
at tha aaavard itll and gravitational ar it I leg tbraagb- 
out tbc baaln ankc Pugat Sound an nfflclnnt partleU 
trap. Partlclaa indiaaoied on tbn brain liner are 
Iramportid prafarentlally landward by th* jctlea af 
•tailon/dipolltlon rycle* rnbancod by fnruigklly 
Intruiloni of now aarloc water. (Particle trasiport, 
dlltrlbutlom, acdlasnlal Ion, ealuailea). 

J, Grophya, An*., C, Paper 4C02Sf 

41*0 Karina geuluglcal pTocvieax 

WDELS OF DEPTH- piPkNUEirr BlUlllHBATIilN AT KAIUP SUCH U 
CASIEXH EQUATOR I At. PALI fill 

David Kndko (Collage of (icuanjgraph/ , uregno Stilt Ual- 
va rally, LorvJilla, Orug-m 97131) «nj C, Pjm Hr*lk 
Tha vartlcal dlatrlbutlan of cacra* i - fl lU latkid In 
■anganano-x Ich ledlaunLa froa a boa coro takas at HASP? 
Bite H (6‘14'N, 92'dH'N) In tba aamtatn «.]u*Mr1il FAdfU 
can bo Mdvkod only It tho r*\* oi bloturhaiMe dactxura 
rapidly downward froa tl.c nenfloor within tba uppar In 
cantlBotars o( mdlnunt . Independent blolurbalUa ratal 
eatlMlad by balancing dlaaulvad and partlculita dlagtaa- 
tlc Kn fluxna ara conpetlblc with Clio value* obulntd lr« 
tha radius aadol. Suuli loault* ara c 0111 lltaat with W 
Ond fJDlh naaeurewontu rupurtud huro, and with HANl'F UtUl 
and poravatat nbaatvnLli-na that rapid organic c*iba* d»- 
liadahlon In Itiaac aedlm-nta ennaunen oxygen within a (« 
eantlautorw of th* ncdla>-ni-u.-awat>r Interfac*. 7“ 

“do lad dacroaiu in hluturbuUun (expruiird *• • bloJltTw- 
BlOD cooffldant) in 1 ..nr.lntrnl with voluei *1 ‘P* 

di cn>/Kyx at tin aurfao- falling lo loa* lMn 0.* tall Jt 
« a depth of 14 cn. 

J, Oanphya. Hu., C, Paper 4C02/3 

4760 Saa (ro 

■'PTIHl« fXItUStl# lip DKItlh HU'H SPA ILK 
H. 0. Crlolnalo (Ayi-ll-l K,tlic«.,l Ira Progr**. n-du, 
Unlvoraity of Vealilngliiii, Snail If. Haahlogin* 
and H-P. Lelong 

A Blnplu reidol In i-onn true led l" rvploll tba cobClf 
of drainage "irooii" nn .ilmorvcd during lb* 

•apulalun to* do-al lunV.(»n «l ««a ico. l-lnrar ■"“T* 

(a uaod togetbur with a 1 - 01111*10111 npproalMtls" 9 W ”' 
dura Tor aolutlnn «f the nvolcn lo dPlcraln* trUI** 1 
alniaun Rnylilgh nua.bi<rn fi.r the unsal of lnrt*bl>li7- 
It lo lounil that tlio Hynlra fund Inna «ipllw»l»y ’**• 
thoro in both n flnliu nugln of ttll »f tha 6ral”** 
channel an wall an nn lilt «l nil. Tlio dal*™*"* 11 * 
of thn nuniaro anglu ilupcnda critically o« r 111 
■aau daualty gtodlont. and mnatloal vuluan f«r 
cnl aagla* of lucl luat Inn to lliu vvrllcnl oblalii** 

>|n* qunut llai Ivwly wltli lhunu roporroil. 

Instability, llllud i-l.nimcl"), 

J, Qnophyn. Ron., C, Pnpor 4LU129 
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Reply f Paper 3C 1765} Gtmtt aad f^rkk S. Itan 21 QJ 

CohwctU an -Oil tk t SnnUmioo oTTrabubiH Mltcd Lnyen" by L. Jlihal *ad JcamOswI* Aodr 6 . UWrJCigjft' 2109 

Reply lVbp*r3CJ8Ml ■ W-N. Undbtrg'; 2IH) . 

, L - ^laitdJtie-pMdeAndrJ:' j 


1 fwolngy 

tWL * I1TIC ”• calc- 

{S5a?».STaA , =isr 

ssaara-S^-'SS: 
s=s 2 

aryaullliatton nf 1 bnanlt br 

orrataUUatlw, iMraraa la SR?-! Tlta 

CUM, followed hT^la. whirls PMglo- 

Tba Calc -alkalis* trnd davidmm **»».taa. 

plagiaalua a*i mrawcnlSSIjf? ° U ^“* " l » le 
Pteporunan. Thl. pWl!lztf”. ln nprel a... 

condition* af ■alnrStl PrqalpltatM uudep 

Uoq ia tbn nlddla water undprnatuxa- 

cnatiBiod atyitiillretw ^ ? ******* “id dadtaa by 
pytnaua, pig moult* mi,.^!S Tillt 7 l *8 ln * l, N . ortho- 
end *U lug Of haul tie Uu,.?* “WClta. AaajRUatlou 

3*449), a. But IIaotope'gR«llivi*C , f ^^'.-Wtlkida 

1 ’Z8T** : 


4760 laa lae hrtltB 

All-IOIj DRAG COEFHtUIXHTd COR PIRNT-YIAR II* ml 
TAtti AlRCRAPT MXAgURRHBNTR , 1 

8. A. Halter (Pnclfla Nnrlnn tavltonuontilL*”'* j» 

WAA, 7600 Brad Point Hay N.N.i »W 015700, U*""’ 
Vinhtngiau, 98114), J. 8. Overland . 

Turbulent Mui naraurnnnnt* uorn Hdn ft 

<48, 90, 19S, rad J40 ■) by thn HOAA *’} • 

ovar lirst-yenr nan lo* iu ths northsrs 
daring Pohrusry, 1982. Thrao profile* "TV, 
flu* rad mran wind warn u**0 tn a*\cu5U» “ . 
drag ran f fit lint, Od, or 3.0 A .6 « (O' r '..7rti 
*0 a 10 ■ raniMaMtor height. Thn boundary 17 . 

■ lightly unnrablo (n./i, - -1.2, wh*r* *1 ^ 

Invar* loa blight of 660 » rad L, tho ““‘"T" ^ 
Magth). Th* a**n wind *p*od at th* 42 * .jo'f. 

17 ■/• *nd th* (urfoo* Air l*ap*r*lur* «• §t 
Prow turbuirat hoot flux we»*ur*unnt* t** 
tb* bulk hrat tram tor eraftlalent, £ 8> na 

to bn 0.73 s .16 a 1C 1 giving a Ch/Cj ,f . ,b* . 

*ov*o ratio vm grantor then 1.8. 0o *P* ,l J??, 1 *nk 

prarant turbulent flux end vnrtnnon- pr*“* 
thon* collect «d over tho ocean nhown »|r**“*" 
inernnnon oonfldoaco In thn onloulntlon*. . . 

Thn gaontrephio drag eonf/lclnnt |u*l'['l', r< , *|» 
v* la th* friotlen valocity *nd 0 I* Lb* •• |U > 0 
Wind, Nat 0.047. Th* turning angl* nf *?* . j a 

wind (wraiurad by au anewratar at * b»‘«"; ** 
on tba ioa) waa 32‘ and th* ratio at 
npand to th* graatrophlo wind apttd w** , 

•oafflnient, gu*t probe). 

J. Caopbya. Ro*., D, Paper AD0117 

1770 tooru)gr»phy (Tlubulenco rad Dfirudon} _ --jqjtjoO 

JJOWZOOTAL VARIABILITY OP TBMPERATUW 

TURH AT THK BA3B OF A MIXED LAYER PURPM^ 8 j c& , 

Ub* With bum (Scrim tasliutlon of . •' 

fond* d Sin Diego, La Jail*, CkHftinil* 93093). 
mwl nf Applied Mrahulra and Bnginewing Sd* oe*« and ***^ . 

Uw nf (kwognphy. Unlvwilty nf Ckllftcnla it S*n DW^. 61 , 

Hoitanirt tif lernperrtm mlernamrtui*^ . ^ . 

»*ad Layer Baperimnt (MILE) show Lhrt Ihq : 

•rtlvily In lha metaetl ihemwcilno *1 Ih* b«»n rf ’ ■ 

™ higher IpiwniiMnt In herixonul plan**. Th* - 

«*»T«d rnlcrwinatuin prtchea vre* urtwlly l*“ Ihra.'O ^ » . 

i«d*d lo occur In gngip* nxtsndlng frm tfi*^ 1 ** " \' ]Z^au h ■ 1 ■’ 
mslare, liihough nm mere Ualslcd. Miwr ? ,T3Su-tf -•. 

BtaWnWurn ncUtfiy occurred it d#n*J ftuntt ' 

■*'■>6 UH cppMlia horlmtal mnpgralilirainlir. U F' TV 

yiwm of horimnwly wind r-S vtluei IbnB * ZNaiiW ■*: 
' 5 * fiagrem wWch nnuu that horirootal illntot JWdfTfS MaN- L-. 

drtannfiJd by ray aimjl freedom pt IM >“oc d : 

"L. tho dwrlMJan cf< w found in bt i i 

SE§-* ^ •*«" > a m6h rf u 7* y*. aflaaWid t : 

lO - " *cR. iod agmemeM was lW*d I 2 

; J ■ fjeophy* . Boai, C. 'Popnc 3C1844 J-f'.-i;'*' >r,'' , .“ J{'l’' j 

jffiMaeRnSSraR 
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(ODD b. A total oT Tire CTD casta Mere mad*. 4 
enBpsrlaon bntvear. tha AffiT and CTD data abound that 
the AXBT'a provided tespnrnture profiles with 
ncCuraclae that depended upon the particular foroilae 
ehosra Tor rrequercy-to-tteperaturo ccnvaralcn and rail 
rata. Thn three not* of formula a used nero wore the 
utnndard Navy foraulne, the reran las publlnnod by tbn 
Sipple** Corporal i«i, and a coafclnation c-r a 
Traquency-tD-taoperaluro fbrnula pibllnhod by the Naval 
pceanci graphic Office (HAVOCBAHO) and a fall rate 
determined from date col lee td during thin study. Two 
of urn three uathoda produend data which appeared to be 
within th* Navy 1 * AXBT accuracy spuciriiatlona, taking 
th* CTD data as nbendard. A taperature orfeet of 
about 0. AC was round in tha data net ualng thn Stpplenn 
tore Lae, and tV.1* ^»ts th* tmperature accuracy )uat 
out alda tha Nevy'a apse if led limits for nlgher 
taniperatureo. Th* best conparison between AXBT and CTD 
data uaa found with tbe HAVOC BA NO rontuU and our fall 
rtta, tfclch provide a taoperatur* accuracy better than 
0.25C. Our fbll rate waa quite close to tna atendard 
Havy rail rate (leas than 3 a difference at 760 a 
depth), io tne use of tha Uttnr la suggested. Tho 
racoon an dad rormwlaa for thn Initial design Sipple an 
760 n AXBT'n ara an follows: - 

T ■ -66.8B57 ♦ (7.0273 x 10 -Jr l F - (R.lBOT x 

10 -5 »F 2 ♦ (3.6311 I 10'V 3 , 

D ■ 1.52 t, 

irtarn T ■ Lraperature in C, F * fruqmecy tn Ks, D ■ 
depth In m, and t * elapsed tins In a. Tha etaiinilco 
of thn AXBT data set suggest that tne precision or the 
Slpplcao thvralator la butter than 0.04C, UXBX , 
eallhrmtlai). 

J, Geopbyi. Rat., C, Paper 4C0290 

4790 Oceanography (Inatrumant* aad Technlquan) 

REPLY TO "CIWKHNTS ON 'AH INVERSE APPROACH TO SIGNAL 
CORRELATION BY MARTINSON, HENKE AND STOPFA' BY SBITRE 
AND CHAVE* 

p. 0. tiarttuem lUood* Hoi* Ocoaneftraphic luttltutlon, 
Food* Hole, Hrannchuratca, 0234J) , H. KanU and F. 
gtoffa 

Sburn rad Chava (JGE, In preaa) conint on what ebay 
cunalder to ba Unttatloni aod oalaalm* of ch* out bod 
we developed lor correlating tine aari** (Kartlnraa at 
•l., JOR 87(66} , 4807-4818, 1982). In an attonpt to 
overcome ICnnn Bhacccoalns*. they rncrac tb* problem 
Into on* of Moait apt taint Inn (etnlmiiisg out least 
iquarad error aquation dlraotly) And u*« a parabolic 
•pilnn paranarerlsaclan of the napping function. V* 
show that Shura and Chaw have overlooked aooa of tho 
aubtletiii of our approach and chain ovaraighti, whan 
propagated to tha Mthod n* meant by thn, land tn 
turearoua problems. V* alao rnapcAd to th* (out crlti- 
aln* rnlrad In chair paper Traduced to three In chair 
ibitrut. So* 65(5) , 1964). Regarding than we mbovi 
U> ch* coharance la noc a ’’highly” nonlinear func- 
tional ol the data aa they c lain end in fact, by Ignor- 
ing th* nonlinear earn to which (bay rn(ar, thntr ap- 
proach yield* blnaad rraulla, Th* ravartcy of chla 
bUn i* proportional to the d«gra* of distortion ba- 
in *□ ch* lignite baing corral* tad. (2) Thn Fourlar 
Mrira pnranncnr liar tan of tb* napping function will 
not lntcoducu "artificial" uaeLllatlona la tha ranultx. 
(3) A noa-negnttvlty coasrralne 00 the mapping iuactlon 
In oacraaary (thin eonstralnt wa* omlttad from aur 
c*xc, but not our Mthod, by mlacAkn). 14) If rigid 
•quality conitralatn ara dralrnd, w* fully nndoraa 
(heir laaat *qoaraa approach. Rigid tla point* mult b» 
need with caution though, line* chay may Introduce 
artificial kink* or parturbatlonn In the upping func- 
tion tn an *tt*apt to ranolva conflict* la arson uhtra 
th* conattnlnt* are Incompatlbl* with tba mulaua cor- 
relation (aur rathod uaa* eh* constraint* ■* aa Initial 
guana onlyl. (Signal correlation) . 

J. Caophy*. Ra*., B, Fnper 4BD018 

Particles and Fields — 
Interplanetary Space 

U70 Bolor wind mognatlc field (Current *no*t loentlon) 
K-CGRDNAHITER OBSERVATIONS AND POTENTIAL FIELD MOOCL 
COMPARISON IN 1976 AND 1977 

R. Bruno (CNR/Intltuto Ul Ftatca dvllo Spailo Intorpla- 
nitorlo, O.P. 27, 00044-Praacatl, Italy), L.F.Burlagn. 
A.J.Hundnauaan 

Raoul ti of 4*tarnlnlng th* ahepo and location of tn* 
hatloepharle currant ahaot from n pot*ntl*l field nod*l 
am (ro* K-Ceronamatar abaarvarlona ar* conparnd. 

In larpi an* tary mognotie fioiu polnrli.ra aa obaurved by 
1RP-8, Halles 1, 2 and Voyager 2 spaeveraft war* u**4 
to teat the two mathoda ovar eh* per le u Hay 1976 to 
Auguie 1*77 throughout 16 Carrington rotation*. Th* 
computed halioapharlc currant ahaota froa both mathoda 
nod a quail stationary d-imctor structure and vory 
llallar ehapt*. Agreemant b«tws*n Interplanetary 
mainatlc field polarity and th* result* from th* 
potential fi»ld nodal was found oh 79* of th* days, 
whll* ograiaant batween th* Intarplanotery flnld 
polarity and th* polar! tla* darlvod froa th* E-Corona- 
**t*r data vaa round on B7* of th* day*, 

J. Caophy*. R**., A, Paper 4*0300 


Particles and Fields — 
Ionosphere 


rone* dltplgy* little variation with frenetic «L1v(- 

T ^?,? c 5 urr * n ?® frwiRMey of 0 * conic ( deers asis 

^ I52 41 S , , t ?. lhat 87 H * Alto, 

90 H* tonics occur 2-3 limes nor* fraquant !y than 

0 . Tba Invar! rat lit Hods- local time distribution of 
the occurrence frequency for both H* Md 0* Is 
auroral-oval- -like (a thgt the frequency pa abb at a mare 
equaLorvard latitude and hat a broader latitudinal 
extent In the nightslde than in the diyiido. Ilo waver, 
this eiuclatlon with Ui* auroral oval 1 i energy- 
dependent, the oval for low energy UF1 being distinctly 
■ore polewird then that for energetic UFI* The low 

0 UFI occurrence 1* relatively uniform In local 
times the H* UFI occurrence frequency distribution 
i h * b ^ jtf distribution patting in the noon stelw. 
Both the H* and 0* conks distributions display a 
dawn-dusk esjimotry In favoir of the dusk sector. In 
the po)sr cap (poleward of tha statistical ..auroral 

thn ir and 0* ion outfloos (-2 * 10*’ S-* and 3 
* F ,V' rS?? Kt l V6, y- * lulet times, and -3 1 1Q 3u 
, 1 *nd 1 x 10 * s-' *t disturbed times) represent a 
significant ionospheric souren to the magnatotall. The 
results or this study ere show to bt consistent with 
previous, less detailed surveys of UFI gt lower alti- 
tudes and provide a bull with which to eionlne pos- 
sible acceleration "echr Isis. (Particle maasurements, 
poiir cap, auroral ionospheric Ions, energetic ion ex- 
position). 

J. Onophye. Ra*., A, Papar 4AQ303 

Particles and Fields — 
Magnetosphere 

3733 Fluoi taicafalUtia* 

FINE STRUCT DU Of EUCTRO STATIC EHIBBIOH BANDS KTVEIN 
ELECTROS OTUVRiqURHCY BARM0H1C8 
H« C> Boon* (space Bclaocae Laboratory, The Aacooprae 
CorparatloQ, El Bagundo, CaUfomla, 90263), and J, p. 
Famuli 

la cha aa* aad ant-hiU year* of brortMuod 91V data 
available from Che receiver aboard Cb* 8CAIBA a*t*l- 
llea, eh* majority of obiarvatlon* of alactcoatatlc 

■mliitao* a bow fin* tcrantura, Thla flnn ■trmcnir* 

eon* lee* of nnvnral dlitlnct «ml**loa bead* hatnatn 
elnccrax gyrafraqunaxy (f c ) hamootan* Typically thrn* 
fin* leructarn bind* comp r la* cm ami*, ten bond. Moat 
of thn 80AIHA obnemtlnn* lmolud* only tha pmiknad 
bacvaaa f e aad 2f . Ssvtvar, • ebenrvatlon* ob- 
c aland lo rngtonn of lower goom*gn*tic flnld Intnnlcy 
•how *lall*r flnn ntrueturn In •olinlca* brads up to 
tbn pniabaod batwaon 3f. rad 4f . 

Thin abort aotn rnpocu tn# obrarvneloa of fin* 
lernotuN la EC8 warn* aad th* oarta, ponding in ilcw 
alnetron dlntrtbntlno fnncclonn, A KgnLf leant nnmbnr 
of chain Ohio cvac Iona (- 701) nccnrrnd at elmu whin 
thn olnatroa pitch angle dtetrlbutloa had a proMoncnd 
minimum at 90* in oaa or mom energy cha ana la in thn 1 
to 10 knV rang*. (ELictrontntle nmlintone, par tic In 
mn**ur*m*nt*) • 

J. Onophya. Ra*., A, ?np*r 4A024B 
3799 0*n*ral (Duet Charging) 

ELECTR08TATIC CHARGING OF TEE RINGB 07 SATURN 1 A 7ARA- 
HETER STUDY 

U.-R. Ip (Max-Planck-Iaitluic fllr Aercnualn, D-3411 
rmtlnaburg-Lladau 3, P*j*r*L Republic af Caraway) 

Diurnal variation of tb* «l*ctro*t*tle potential of Lha 
ring* of Saturn ia cooiidarnd by *uBlning a vida rnogn 
of pciiibia eoabiniciaoa of plant eouren* nod ilnki. 

It in ,bavn that bneauia of thn prannen of ch* ring 
abiorption affnet, tbn lablant thgronl pi* am* dnaeity Ia 
kept to ha vary lew (0 »tO-*’\n- 3 J. If no trapping or 
theraa Uaatioo o( tb* photo* l*e iron *, lononpharlc platmi 
and impact plaama gonaratad by aataoroid Inpact occur* . 
th* ring aurfaca pocaadnl could vary bntwnan 4 - B V 
(day and night alda*) aad -7 V lahidou conaf. Tba 
operation ot trapping of the f iald-ellgnad plaama flow 
ehanga* ch* dm* variation of tha ring lurfaca potential 
only (lightly, tt L* tb* variation* of thn pirtc iono- 
spheric plan* Mux and of tho Iqvc plana which haw 
mora aigplficant offset. Tba impact plaama, in particu- 
lar, can change tha ring lurfac* potential from a v*lu* 
of -7.3 v CO b* nail but poiltiv* if it* flux raicho* 
10 ” loaf cm“‘t"i. 

J. Caopbya. Ra*., A, 7ap«r 4A02*>7 
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5343 lonospharic dlaturbancoa 
5520 Ilactric fields 


ollu Aimoirhc'ca - I p Linen 
MARTIAN NORTH POLAR I1AZL& AND SURF ACL ICE 
RESULTS FROM THE VIKIMG SURVEYlCOMPLkTlON MISSION 
P. R. Oirtitenien (Dopailnenl of Otology. An/ooi Sl«r Unhmliy. 
Tamp*. Arizona. 8! 28 7 1 and R- W. Zuick 
Viking lnfmcd obicnxuoio of lb* Martian north polar rtglom 
liken during lb* 1979/1980 Viking Surny/Comptetlon million tun 
been uird to deiormlM lb* locallon and nature or llv* iriruilag 
poiir cep edge and of an accompanying almoaphcrif 14* ha«. Th* 
bn* la com pored of waltr lc*. end IU rillbl* opacity li *pproalina|cly 
unity, rqulvateni lo 1-2 predpliabla mktoni of win lc* During ih, 
polar cap reitrei (airacrntric longllude L, -340’ 10 60* L lha bairli 
neatly alwiya pteirnl and r» 1 a»di from el moil a fan dagrers reuib of 
Ihe polar cap edga 10 an undeurmined dlaiaac* over ths cop tnlcrtoi. 
Th* lramlUOD ftom I co-free ground to ■ predomlnanlly Ice-covered 

■utfae* *1 the rep edgr apana J* 10 10* of billed. The ability of the 
Viking Infrared oburvailpai to dlillngulih hare Dorn aur fare enndro- 
nle ylrtdi a more itcurei* acnoni) regreanon for ihe polar cap than 
can b* drtrrmlned from wtnanl Imago*. CnoraDy. the Infrared obre^ 
villoni pierenled hero yield ■ rajreaalon Wmilir 10 Ihoic dalerralncd 
from Eulh-bein) and/or lpacrerafi rtaual dan for Ih* am* nd for 
previous noithrm ipringi. How»**r. I hare arc dlffcranrci concmlag 
deiill* ot lb* cap retreat; tha ihamul data Indkaie ih«i the Multan 


694Q Earthquake Prediction 

A SBIOTHZCKIHfC ANALYSIS OF THE ASIA 3EI8WC GAP, 

SAM JAaitTO FAULT BORE, 801F78EBM CALIFORNIA 
C. 0. Sendsra (8ni**ol«ic*l Uboratory, CellfomU 
fiutUuc* of Technology, Paandane, California, 91125), 
K, Kan amor 1. , ; 

Bmall earchquik* eplctatnra near the Anx* *e Irate gap 


WATORIAL SCtimtLATIONS DURING TUB MAJOR MAGNETIC STORM Ituonil polar cep did cslcad SOnlh of 60*N during thll psrllculll 
OF APRIL 1981 bln wlnla end that th* reldipring reiumptloa « ihe cap relreil 

J< Aarons (Astronomy Dapartmaat, Bolton Valv* ratty, Boaton occur* 11 lx- 50. 

H**, athwart*. 02*13), A. DieGuptH J. Coophy*. Raa., B, Pnp*r 4BD2S6 

Tb# g*raagn*tlc *ton* of Apeti 1 1-14 1981 wan rh# mo»t 
ravate itocm reported slace the Augunt 1972 nvanta. t 

Ora e rue t Iona of nquatorlnl nclntlXlntlon* In the VHP SfMSmOlOfTV 

through mlcrowova rang* of frnquoncln* (250 HHt-1.3 OH*) 6/ 

by two Btatlona, one Muonceyo, Pnfu, nUnatnd near thn 

eagMtlc equator, nod tha othar, Aacraalon Island, oloia 694Q Earthquake Prediction 

to ch* equicorlnl e namely ertnt, ore priirated. Unneuilly A SRIBIOISCKWfC ANALYSIS OF THE ABU 3EI8MIC GAP, 

“Bh lmwln of activity ware recorded it both the eceeione gM) jaCINTO FAULT ZONE, 80IFP8EiM CALIFORNIA 

even around itmrin*. Ac Huaacayo trlggared by a reveraal c. 0, Seaderm (Seienologlcnl Laboratory, Cellfomle 

of elnetrlc field end therefore e tie# in the height ot rnetltuce of Technology, Fnnedane, California, 91125), 

7 1, P*r. the 1.3 GH* trenamlnnloae from the eeceUtts K . Kraumcl. 

URISAT (13°H) exhibited a nolntllletlon Index of 9 dB Snail earthquake eplerater* osar the Anx* nalralc gap 

•blch In one of the highest lewle recorded ot Huencepo define n 20 km qui*»c*pt ugwat of fault boi*i4*d to thi 
ovnr e period of several yearn. At Ancennlon Inland, nnrtbrant rad aoutberet by are in of relatively high ran 

**vmr* dapletlann in lenonpfaatlc electron content nldty. Recant wderate aerthquiku oa and near tb* Bm 

<■*0 cl seed with scintillation* were dstacted for th* flrat j B6 lnto fault In th* g*P and thalr ralaclwly dapraniod 

time in our observation* near auarlai. Th* dual ncatioa aftnraliock activity lndlcntt that the fault la enlno- 

multl-sttallUa obuarvatloni are dlscuBMd in tarn* of genie rad highly «ra**nd but locknd by *ora mndrenln. 

pleraa pracaiien ot tba aquator. Th* rovarenl of dtrnction -ffco locked nature of tb* fault try bn dun to ralntmty 

nttnr a deep migontlc bay craned the revaretl of dirnccioo hlgb conpreralve ecru* normal to th* feulc reiulUng 

«» tb* electric rield, produced ex upward bubble of from tbn convergent georatrl#* of thn local, native, 

velocity , ud generated F layer lrTtgulnrltlan. Thin bny, dlxfivi tin noun foul to aod tha obllqon orlnntatlon ol thn 

ncwover, w*a unnbla to produce an upwnlUog nftnr nvntlra rnglooal m*Klmum co*fr*nnlvn nenra. itrnln in not 
«|*6 to 8 layer aoaductlvlty. Th* pont midnight nod ranrlan baln _ rallevad by *nal*mlc fault Ctnep. A ewara et 

bahevtor of the P layer Irregularity region ha* been email rarthquaka* In tb* oremtel bloelt U km aouthwast 

»ml*d by observation* nf additional raver* aagnatlc 0 f the An** gap henRnth the CahuiUa Vallmy recently 

«orma during ysari of hlgb sunspot ratlvltp. Onn era^ilm, r*lnu*d ntre*« In en *™* Which wai prawloMly highly 
ohrarvaclone on March 3, 1981 at Manila, in nhown. Th* active before tha 1918 (H 6 . 8 ) and 19)7 («, 6 . 0 ) rartb- 

8 * natation of patch** during pnrlodn af mngnntic qustuu. Th* occur tone* of them porindn or tnoratran 

activity lndlceta* tha possibility of bobble format ion ralnmlslty nonr Cnbnllia 1“ thn yearn irandlatoly borar 

*“»6 magnet teal 17 quiet period* without n triggering ch, nearby (cloMr then 33 1 ») liege aarthquxkan *nfl th 

* h PPotb*ai* in proposnd for Insenbilltlon fomlug *uarm sag gent choL the gromd banuth Cobulll* aay ra 

™ -fooBltudlnal (Baac-Vasc) aledtroo danolty gradlrate acting ** • ■tmrWir algnnUng thn praranca ot hlgb 

•anting in thin eras during tha magnetic bayi in th* case a(caun bsfore large local earthqimkaa. Th* 
ol magnetically quiet poat-ranaoc activity, strap tha qulaapant fault negaenl suggaiti potential for nunu 


fault oclaatation. Maximum liknlihood b-vniuio 
range batveen 0.97 1 0.03 end 1.81 t 0.09 for ch* 
four group*. Ur calculate solid earth atreaa end 
■Irale tide* at the average hypocentril depth ei 
4 kn. u* olio calculate at rail end at min tldee 
Induced by ocean loading; Lbilr upl Icuda* Ira 
typically 20-4 Ql thooe of the solid earth (Idea 
■c the location of Mount St. Helena. A week but 
algailicnnL correlation axlita between cb* latter 
two claim of eient* sod lha tlda* for a tin* 
Interval oi shout 3 day* pr, ceding tha (irnl 
ount oi volcanic tniaor aod about 3 diyn Lhire- 

■fenr. Tho polarity of the corrnlatlon i* 
oppaiit* lor thn two clraa** of Ivral* . In each 
cion, itaa ph**e of the corrvlitlaa change* 
■yitmttlcally with tin, the changai cuimclding 
with ihe ooseL of traoor on Htrcfa II, and wlLh o 
pronouocad deer**** In rarLhquok* loargy raleaiw 
r*r* on April 3. There ere no significant 
correlation* between th* tldee ond Lha nunber of 
avente or energy reln*im of lbs** two claaaw* of 
earthquake* during soy othar interval hvtwian 
Match IS and Key 16, 1960. Tb» first too daises 
oi events show no svidenra of nignlf leant tidal 
corralAtioa at any time during the study period. 
(Mi. Bt. Helena, volcanic etrlbquik**, earth 
tldu). 

J. Gaophym. Re*., B, Paper 4 60)93 
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MEBGEOIC AS E IBM 1C RIBOBI OH IKE FAMULOM PLATE AMD 
BODIEUAU HICIATIOR OF B BALLOU BUB DUCT IDS DDE IMG 
TEE LAIAHIDE DRCODY 

Laural J. Ueaiarun (Dapirtmsot of Craleglcal 
Sciencis, Boctlwartirn Dniveraity, Evan, too, IL 
6D2S1), lithsrd A. Cordon, and David C, Engabrttjra 
We propnia ttuit *n assitnlc rldg* of Lit* Jncnnnlc 
and Birly Grataseau, age on tha Farallon plat, waa 
■ubdertid benaith th* O.B. Cord il lira during ths 
Larrald* orogeny. Th, rnlaLlva buiynncy of tb* 
sialnlc ridge cauatd ah* Dow aubduction which 
E**uU*d in a nsgn,rls loll 70-40 H* In th* *xi*ilng 
nrar-trinth magostic arc md in LoxuLde uplift end 
frail lug «f crystal linn bsirntut 1090-1300 Vm inland 
from lha trench. Tba timing and latitudinal limit* of 
th* subduct ion at thn ■■•irate ridga nr* similar to 
tha Limlig and latitudinal limit* of b»tb tb* Lirsmid* 

nrogany nd tb* nngnatlc lull In thn western 
Cord 11 lira. B*caul* Ih* nertb-morChrait t rinding 
raairalc ridge wa* onvleg northirat relative to tb* 
Morih Asaricsn piste, the point of col ll*ion nf Lb* 
mniratc rldg* with North ImnrUi, and tharntnra th* 
loeui ol ihilloW iuhdectlon, nigratad nonthword with 
tin*, ciuilng tbn vell-doc cud ted eanthward algrelion 
nf th* sigas tic lull. 

Tectonic*. Pannr 4T0049 

8)99 Cancel 

THE POLE OF AN IH1RACRVSTAL ABTMENOSPIIKRE ON THE 
BEHAVIOR OF MAJOR STB IKE-SLIP FAULT 5 
D. L. Turcotca (Oeolcgical Science* Dapiitnant, Cornell 
Onlverelcy, Ithaca, New York, 11(3)7, 1. Y. Ltu and 
F.H. FuLhlwy 

He**ur*otete of etrela accural Alton Adjacent to the 
9sn And ran fault Indicate that the looe of at rain 
accumulation extend* only ■ f*w t*n* of kilometers awy 
from Ibe full. Such ■ narrow sono ol cyclic el rain 
eccuoilatlon and rale*** io con* latent with rha 
aaasurai uialwlt strain aod lnfarted ivroim drop 
during th* 19G6 earthquake. The rairrlcted ran* of 
cyclic accural alien end rale*** of elastic enargy 
adjacent to major *crlk*-*llp fault* his boon 
attributed to tha damping effect of ■ v 1*0001*11(0 
aathenoiphere. Houavar, to <upl«(n th* norrounran of 
the sans an tho San Andrea* fault It I* nacaraarv to 
conclude that the thlcknaai of rh* lithosphere In 16-70 
Vm. ThU Aom not appear to be consistent, with the 
relit Ivstv low surf sea hoot floe eesraraaenta. In thla 
paper ai> alternative four layer nodel la proposed to 
explain th* behavior of tlio Sun Andraae fault. An 
uppar alaatlc plata extend* to a depth of about 1 5 Ln, 
the depth o( th, daapait salanlclty on and a.1]sccnt to 
the fault. Boneeth thll uppar elastic plale la a soil. 
Ini racruxial lethenoephore wiilch ,'Mblle a 
-itacoalutlc hmh*»t«r. Th» ulacoua bihuvlac of thaaa 
cruaral mcVa at relatively low traporaturae le 
ettrlbui rd to either th* presence ol quart, which I* 
known to have , vary sofr rhaology at Che pralonc* af 
wet«r (hat een Iced te pToieur* nolutlon creep or *0 
both effect!. Beneath this soft layer la a second 
vies' I- layer a,J* -ip ol cha tuudh lower cr until ml 
upper aanrle rock*. And banaath this ascend elxittc 
layer It tha aathanosphare . Thera I* extensive 
geological and geophysical evidence for che e»l,tOOcr 
of an Intracruetal oathanoephare both In California end 
si ■■where . Ue show that che daoptng duo to the 
In tree rue tel aathenoiphere can explain the obmarvad 
narrow tone of cyclic (train eccuou I at Ion and rale*** 
on rha San Andram fault- (Nlrite-allp faults, cyclic 
b,h,vlor ’- 
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C03EI8HIC AMD PIBTSSISHIC TERTLCA1 HDVEHEMTS ASSOCIATED 
WITH THE 1940, H7.1 I HP DUAL PALLET , CALI FOSS LA EARTH- 
QUAKE 

Rabact Ml Linger , Diporcment of Geological Sclancee, 
Cornell University, Ithaca, N.Y., 14033 
Elevation Cheuga* derived from yreclie Tavaling aux- 
vay* rondnered by tha Hat tonal Geodetic Survey la 1931, 
1941, 1972, and 1974 along two rout on crosnlig tha 
Emporlal fault In leutknrn Ca 1 1 ferula fapraaant tho 
first documented erample* of spatially coherent vnrti- 
eel mora Bint a oneocMtad with *trlks-allp ran] ting in 
the D. 8 . The level Ipg ^outaa troll tha northern 
cart ion of tha fra It (hat hr oka at tha tine of th* 

L940, Ml .1 Imperial Toklmy earthquake. Ih* pfeanrvmd 
vartlcal moamBiati, which extend approximately 23 km 
aaar rad wot of th* fault, am among tha largest 
ob, erred enyvhcro ( n tin U.B. Tl.ee a movement* ara 
cooilatont with olrnple elaatlh modal! of conelanfc 
and poataaiimic "lacoodary" vertical daformatlon dun 
to right-lateral, strife*— slip movement e long a finite 
length fault. Tha spatial and temporal patterns of 
da format loo suggest a simple acanarlo consisting of 
large cose ionic ally an the aenthatn part of cha 
Imperial fault which translarred scraeesa to tbs 
northern part of the Imp* rial (mult and cha Brnwlny 
fault (an echelon fault nortbaaat of Imperial fnalt). 
Tbsra itxmaiei were ouhaequantly ra leveed primarily 
by mlrelt creep. Ihn oetlnatee of coselamlo 
fruiting data mined from tha leveling obaervettooe 
era roughly cone latent with (laid oheervatLone of 
hortiantal euefeca offeet mode after tha enrtbqMkn 
at will am with sou eitlastas derived from triangu- 
lar ion AMreitmint*, Tha poatnolamlc Eamtt offsets 
rsportad hare suggest ellp to ahalkomar lam* La then 
previous estimates of pontealenle ellp dmtarmlnfi 
from repaared telnngulatlon onasuroMatn. Tha 
overall nhallow ellp (conaleolc pica poetanleoir) 
required by tha leveling obnarvetlonm le larger oa 
thn sou there pact at tha Imperial fault Cham am th* 
aarThetn part ot thla fnalt or on the Brnwlny Fault. 

Th* 1979, M.( Imperial Valley earthquake apparent ly 
el Inin* tad soma of this difference in ovnrnll shallow 
•lip by ceunlng surface of feet* on thn norehara port 
of tb* Impnrinl fault and thn southern BrawLey leu It 
•Nn thruigh tho epicenter Eor tha 1979 event we* 
located nn thn southern Impart* 1 fault. Other geo- 
physical observation! In thin part of tba Imperial 
Valley (fault crenp, anlamlclty, eelealc faulting) 

• nggrat that ntiek-nllp an tha iMithara part or tin 
Inpncial fault and cruap an thn northern part of this 
fault and on cha Brawlay fault nay characterise tha 
long tern fault behavior In cha Inparlal Valley. 

J. Gsophya. Rob., B, Papar 4BD2bl 
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VARIATIONS IN CALDERA DEVELOPMENT IN THE TERTI- 
ARY VOLCANIC FIELD OP TRANS-PECOS TEXAS* 

C. D. Henry (Bureau o{ Economic Geology, Tha Univanity ol 
Texutt Austin, Austin, Taw 787)3), 3. G. Price 

Crider os, 4-30 km in dlamaier, arc the major Igneous 
csnterl ol TraM-Pecoi Tnxai. Turtlvo calderas occur In two 
no r th-mr ihwett- trending bolt*. Eight, including two in ndja- 
cant Chihuahua, occur in a western alkali -calcic boll. Four 
ara In on eastern alkallc bait. Additional caldera* ara 
probably auodaied with two major a, h -flow ihaeti In the 
aasicm belt. 5outcm cdu for all major tuff* of Trara-Peco*, 
other thin thaio two. *0 nddltlonoi cildtrw Ara unlikely. AU 
caldaru (armed boiwcefl 38 and 28 Mr (go. The two calicru 
In Chihuahua larmad 30 and 28 Mi ago and show significant 
difference! in compnlilon and eruptive ilylo Irom the earlier 
CAlderu- Caldera* era underlain by Individual magma cham- 
ber* that wet a active tor no more then about I Ma. The 
calder* cyclo ln Total >* highly variable. Minor vokumim 
commonly occurred bolor a aih-How tuff eruptLon and caldar* 
colli ptn. Tumescence -xcurrad ln 61 molt two taldcrax. Ash- 
Mow eruption and collapse were Hmultineoui In 6)1 caldera), 
ai ihown by thick, intracaldnra lull) that era interbedded with 
breccia* shed from caldera «alli. Collapse occurred along 
dlacreie fracture lyilemi In mott ol iltc weilern cal dor as but 
along hinga zona, in the eastern calderas and at l«ut part ot 
the two young caldera* in Chihuahua- Sediment ail on within 
caldiraa was minor. Preresurgenl volcanlim ranged irom 
minor to axietviive and »u ban developed In the waitem 
calder xi, all of which ihow some form of reiurgence. No 
eastern calderas were resurgent. Reaurgchca re expressed In 
many way* in western calder ox, but only a lew in ir« cliwic. 
model. R.ng-I ractur* vOlcanlini was Irregular I, .lavelopad. 
Hydrothermal aUerattan and ore depomlon were nhundini and 
ipatiilly and genetically related to calder w in ihe weilern 
alkali -calcic belt. All oration and ore deposit ion were minor to 
nanexliiant In the eutem alkallc bait. M*h-flow tulfi, 
caldaru. mineral deposit!, Trans-pecosL 
•Publication nuihorjaed by the Dlrnctor, Bureau ol Economic 
Geology, The Unlveriliy of Tex** at Atretln. 

J. Gsophy*. Ra*., 6 , Papar 4B026D 
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Oueil Editorial (Paper 4L6059) 

High Temperaiutf SiaHlily of Maghemite (-y-FeiOi) f Paper JL 19531 
Neutron DUTmciJon Study of THanomvnelllci (Paper 4L0099) 

Aqueous Low-Tomperelure Oxldulon of Tilanomagneilic IPaper JLI9I7) 


Subir K. Btimrrje* 
Oaten Oidenitr and Subir K. Bunerjte 
II. Bay sen and £. Schmldbaiier 


Horn- Ulrich Vl'owi tiihf Sublt K. Buneijee 
Hysleredt Propertiei or Sized Dlipencd Monocllnic Pyirhodte O rains (Paper -413)244) 

D. A. Clark 

Source of Suble RemuKoce In Chromite Ores (Paper 4 LOOTS) 

Anil Kumar and M. 5. Bfialb 

Calculated Anhyiierelic Susceptibility Due lo Domain Wall Motion in Two- Domnin Magnetite Sphere) IPaper 

UW 

Theoreikal Domain Siruciure in Multidomain MagpeUie PbtUcIm IPaper 4L0I0I) _ 

Kenneth S. Mgyte and David J- Dunlop 

Model for tbe Domain Stale ofTi-Rieh THaDomagnetllrs (Paper 4L010J) 

£. Appel and H. C. Sajfei 

Domnin Wall Nurkutan u b Coolrolling Fnclor in the Behaviour of Fine Magnetic Panicles in Rocks (Paper 

4LW1 3 ) . „ „ , ,, ^ „ JW . , , tl 


’snail eucbqunk* eplcuxarn nnar Cha Anx* talralc gap J. R. Bard. U. Fuller, and 5 . HalgeJahl 

daflne * 20 ka quiescent sagrane of faulc boreidad » th* RamgpMU Magnetization of a “PanmagDeUc" Composition In the Ilmenile-HenulJle Solid Solution Series IPaper 


narifasresc rad *outb***t by nrara nf nlstlNl) high rain- 
nXcity. Racanc as is rat e nsrUiqualra oo and n*at ins flan 
Jacinto fault In tba gaF *nd ehnlr ralacLvtly dayrassad 
afinratreek activity lndlcat* that tbs fault is eaiato- 
ganle »4 highly si real *4 but locked by *noo madunlia. 


A New Approach to Ibe Theory of Single Domain TRM (Paper 4UH88) 

Ex peri me nu on TRM Intensity Dependence an CooUn| Rate (Paper 4L0106) 


Charier A. hm ion and Gordon L. Word, Jr. 


Guy Af. Smith 


■nd Irregular gradients in alacerra dsnaltp may exist 

■"oan tha longitudinal plana ac tha naguLlc aquator 
producing conditions for tha gras ration of to* tab tilt las. 
** 4 - Bel., Paper 391604 

MtroiSy*! ^pflowlng lonoipherlc Ions) , 

ALTiniS^lS? V W’n-miNQ IONOSPHERIC IONS IN THE HIOH- 
li » w ««»«■ I0H0SPME8E 

n' , - '« (HerriJsrg Initftuta of Astrophysics, National 
««»srch. Council of Canada, Ottewa, Cinada UA 0R6), 
A-5fl!9* *■ K - '■•terson and E, 8. Shelley 
BLttls iicg) study Is p-esanted oF Hie occurrence 
fi»?i*, cl, *? , * tr,,l “ l1on ot upflohing loiwipherie fern 
In -tha blgh-Altltuda (8000-83,000 tm) auroral *d 
Srefl! 5*** i’N'BIPkePe* uslra Hasurmnti from the aner- 
spKtroMtgr (board Dynamic) 
i n th,s *unmy, distinction 1 * Mde 
W? different mssbs (HT and IT), enirglii 
tLire!‘J , ^. ind W/tli and pitch angle chvac- 
UlWn »• Iron i, between 20* nd 80* ,fri» 
liS JllWww to “)■ The Increased stitlstleal 
studC^if?L tte . ,,ita M tta dlRWitlo*. jn till* 

10 •***H«r work tt loner altltudeirpro- 
picture Of UFI efwti. Occur renci . 
ira daterrelnod for both. Ht and 0+ Ufl At 
1 nvtt{raF r !u.? l ? ra to* « a 'function 6f iltltucfa. . ■ 

artiCra *«9"«W local tloe and ■agnetlc 

Index) U Is shown that tha deefirranc* 
oi!Siu 7 '"tensity distribution of 0* WI have a 
nicked ■ *gi»(ic dependence, xherea* the H* UFI occur- 


yncrad utun of tb* faulc wry b« due to relatively Elizabeth McClelland Brawn 

hlsb coaresaivn erraas norms t to th* fault raaulUng On Viscous Remanent Msgncdzallort of Synthetic MuliWomaln TiianomagiveUie (Paper 4 LOtOS) 
frra (t* coovsrgonl **om tries of tba local, utlva, Kant Sparer 

dis coo tin i» u* fault! sod the obllqoa orlaocatlra of tha Munctic Viscosity of Some Dolerillc Datalts lo Rclailon to the Inierpselrtlon of (lie Oceaidc Magneile 

rnglooal mkIwuw « 4 Tr«A*lvn atraan. Strain la net Aaomaliei (Ppper4LSD12) n , f _ 

baloa rtllAwd by imIiRIc faulc Map* A mrara of Brigitte nf. Smith 

sooll aartbquakas in tb* oraatnl blott U k» aouttarrat Magnetic Properties of Variably Oxidized Pillow Buall (Paper 4LD078) . <t , 

nr th* ansa up bsssath (be Cohidlla Volley raesntly S. J. BetkmDltM and IV. L. Soroka 

raisuad atrnaa In an !<*• which was pr*wioo«iy highly Magneilc Red»i»nce md Fibric Properties of Leboraiocy-Depoilied Hematite-Bearing Red Sandstone (Paper 
«c!" b.fo« tha l9.B (H 6.8) rad 19)7 itt 6.0) a.rtb- riLOIOZJ - - 

auakas. 1b* .oacuriMc* ef tbeaa parlnds or Inoresoed . IdvVe and T. Torsvlk 

nainifftcv aur caboUia in the yean lwoodlatoly befor* a VolcRriomagnellc Obiervailon on Mounl Si. Heleu, Washington (Paper 4 LOCH 7) 

H,. noochv (clover than 33 h») Ucw onthquakaa sad th* p. M. DaWj. D. Ft. Pierce, fl. L. McPherron, p. Dutririn. Tliomai Manny. Mofcolm J. 5. Johnsion; and Robert 

iMiM nrj ► chat the stored banaatb Cohuills ra be Mueller 

uisinironi algnaUiig th* praiantn ef high Composition or Ihe Upper Mullet Oeophyifcel Tesu of Two Petrological Model* (Paper 4LOQ72) 
h.fnr* i.rm local a*r thqixku. The Ungtb of Jay D. Bars and Don L. Anderson 

Cb i suUicret faulc aogrant snggssr* potantlal for about El Nlno-lnduced Oiuhorp Transport In Iho CalifonU* Currenl During 1982-1983 (Paper 4L0243) 

an k a 3 urebsuaka If th* entire oogrant nq? turns at Joe ter J ■ Simpson 

“J 6.3 oartoquAx. A Staple Model of Ihn I982-8J Cilifombm “'El Nino’’ (Paper 4L0042) 

paophya. Rea-., ■■ Fopar A80I73 , Smftce AeeUHdirilt Ne« Towoti. Ari»« (Ptp^4Lfl<Mn 1 James J. Simp W 

sv, nalsmoioxv (Soirala Bourcoi) _ , Jefferson ft. Snider and O. A. Dawson 

Irnara Of carhooaxeI’ am> tu bffect or SOLID Bvaluslion or Bffecilve Eddy Diffusive Coefllcienu Udog Radar Oh semi Ion) of Turbulence In Ihe 

»*« OCEAN UIV TU*8 AT MOIHIT IT. HELENS SHElOlphera (Paper 3L»04) ’ . - . „ . 

B[n _ _» «, mi- ,g ' logo rrOptION It. f. Woodman and P. A- Rattagl 

. urBut,* and ‘ r. j. Baivan (Luant'DokArty Alomfe Oxygen Coocenlnllani ia ibe Aurofsl Ionosphere (Paper 4LC073) . . 

ok.-«raora of Co limb Li Daloaraity, ■ . I.C. McDada andt. I. LbsweByn 

Implktllons of thn Hydrodynamic Analogue for ihe Sdar-Terrcrtrinl Intenclion and the Mapping of High Lafllude, 
Coovaciitw Patiera Iwo Ibe Magnetotali (Paper 4LO07O) . 

Gordon Rasta 

Auroral X-Ray Images From DMSP-F6 (Paper 4L0J9fJ 


aacco 

J. Paophya. R**.. B. Ptf*r 480173 , 

6930 0 * inn logy (Bsiraio Oourcoa) . _ 

FATTE8W OF EARTHQOttEI **D TU BFFECT Of ““J 
EARD 4«) OCEAN L04D TH»B AT MOOMT (T. HELEMB 
PRIOR TO INI KAY 18, 1980 ErOFTION 
8. 1. . jWhrtt* and R. J- B«*van (Lammt'Ookjrty 
Oanloaical Oha*rv«ory of ColimbLa Dnlvar.ity, 

rail.id**, M*v York 10964 1 *Uea , , NfwsMat ; nf 
- Gnolog i«*) lelmm »* Caluabl* Oalva^alty aad lo 
aoaFaracioa with U,. Oxotty.le. FrOijra, Ool*. ol 
.Na*hiO|(oa,’ Banrtlf, HrahlogW" 9 **’ 5) _ , „ 

8, 1 * 1 * gray hi oa«C «E. 

racordld an aartbquih* lean 

Bontb* prlai tn eha o*t A, trophic »F IW, 

^ptio. Tb. -»"»!*-«■ TI 

clniosl hiood an * title* WW (* " {** J"> "•“JT 

gran’ ttat«t»ri.Vl«. 0 ?J“l 

cuds ratio ) 3 and donio*K fraqu*k»Y > * « 

avonti with torf. ratio 

d oral past froquoocyi > 2 B*| Jl awi«A elnllar to 
(X) >J( With a acrqog CpwbaMj! -WJ*^. 
phaii Jiree after tt,. h*«Mi ■riJM?* 1 • 

. f raquano l*«" . baewagd . |4 H* ..Irablag a , jljjj 
8-2x1*. TV **l*relclty Fttsora 6*. o*eb ol^h* 

lour cum, l* ootqOA, - .„vm* «.Cb groGp 
of .want* ! with' elnllar .wavaFora* «pf*»«* » 
(nan phyltoil pr«**,*, dopth, sOo'ra «••• "' 


Gordon Rostokir 
P. F, Mtorra. D. J. Corny, andj. L.' Boeder 


r. fs 08 fcr/n. u. ^4 uffffnr. drv^. i» nvwrr • :■*# 

Store Observations of nn Eastward Propagmllng Pc5 Putzation WU| Large AzJmiitW Wavenumber. (Paper 4L013B) ' 
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. v ... Gordon Rosroker and J6fiA C. Samson : 27 

Eneraeik Ion Regimes Io ihe Deep OtonagnClk TOD: lSBp-3 ' (Tapp 1 4L0204) / . , ' ■ 1 

S, W. H. Cowley, R. J .' Hynds, l, G. Richardson, P, W. Daly: T. ft. SanJenjn, L-f. Wenzel, < ■ ■ : . 
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Large Scale Temporal and Radial Qradirou In Ihe IMP: ttettos 1 .2. ISBE-i. pud Pioneer 10, 1 ) (Paper 4LOOTI . 
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J. 4- Sfavtn, E. J. Smith, mdB. T. Thomas . 



